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Conclusions of an extensive project aimed to prepare 
lessons and associated materials related to teaching concepts 
included in the scheme "The Particle Nature of Matter" for grades two 
through six are presented. The hypothesis formulated for the project 
was that cliildren in elementary schools can learn theoretical 
concepts related to the particle nature of matter. Pretests and 
posttests wer<s prepared and administered on experimental and control 
subjects. The statistical procedures employed for assessing the 
attainment of the concepts are described. A description of 
reliability and validity of test items is included. The criteria for 
concept achievement were met by most experimental subjects. The 
children in grades two through six showed interest in learning about 
the particle nature of matter. Teacher attitudes about teaching this 
topic at these grade levels were genercU.ly positive. (Author/PS) 
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Abstract 



The purpose of this' project was to develop a series of lessons 
and associated materials (testn, demonstrations, pupil activities, 
etc.) related to teaching concepts included in the scheme "The 
Particle Nature of Matter" for grades 2 through 6. The hypothesis 
that served as the base for development is "theoretical concepts 
related to the particle nature of matter can be learned by pupils in 
grades 2 through r. when analogous mechanical models comprehend-' 
ible to pupils of these ages are employed." The intent was to pre- 
sent abstract ideas in concrete terms . 

The processes used in the natural sciences in theory develop- 
ment were employed in the teaching strategies; a reeil phenomenon 
was witnessed; the requirements for a useful model v/ere identified; 
a mechanical model was proposed; and inferences were made from 
the analogous model to the phenomenon. The result was a theoreti- 
cal concept that was usable in exploring that particular phenomenon. 
In subsequent lessons other phenomena not explainable with this 
present model (theory) were in a similar manner witnessed, and the 
pupil and teacher proceeded to modify the theory to make it useful 
in all of the phenomena witnessed up to that point. The concepts 
in the scheme began with "all matter is made up of particles" and 
terminated with "molecules are made up of atoms that are held to- 
gether by electrical forces." 

The associated tests were in a motion picture format and the 
items were of the alternate response type. The use of visual mate- 
rials to minimize reading was consistent in all phases of the project. 

Data in the form of frequencies of responses collected under ex- 
perimental conditions involving the materials used by regular elemen- 
tary classroom teachers were analyzed to determine reliability, valid- 
ity, and usability of the test items. The usability of the materials 
and strategies and the feasibility of teaching the concepts were 
Judged against criteria including pre- and posttest scores of experi- 
mental and control groups, teacher opinions, and pupil opinions. 
The criteria were met by essentially all concepts at all grade Mevels. 
The hypothesis appears to possess some credibility and thfs materials 
developed are usable in the hands of regular classroom teachers. 
Pupils in grades 2 through 6 appear^o be interested in learning the 
particle theory of matter and in participating in theory development 
using analogous mechanical models • 
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I 

Introduction 



Procedures 

The intent in this series of lessons is to 
utilize inductive and deductive procedures 
that involve generalizations » inference, and 
invention in formulating theoretical concepts. 
In the process of generalizing the learner will 
seek consistencies within results that enable 
him to make appropriate pr<?dictions. The 
process of inference involves extensive se- 
lective reviews by the learner of his past ex- 
perience and the correlation of incidents from 
past experience with new experiences. In ihc 
black box activity the learner asks himsolf 
the question » "What do I know from the past 
that acts like this?" He then applies his 
selected experience to the new situation to 
find out whether it fits in a functional manner 
— whether it makes explanation possible. The 
process of invention comes in the way ideas 
or experiences of the past are put together. 
Each invented idea must be judged with refer- 
ence to what it enables a person to do» its 
usefulness. 



Concept L^isarning 

The teaching of theoretical concepts in- 
volves placing the learner beyond the level of 
concrete experiences; hence; educationally 
there are tWo alternatives open — omit such 
teaching until learners have reached the ma- 
turity level when they are able to function 
outside of the concrete realm or develop 
teaching strategies that bring the concepts into. 
t* concrete realm. When and if a functional 
teaching strategy is developed, other judg- 
ments must be made; the fact that children . 
can learn a concept does not mean children 
should learn the concept at that age».or at all. 

Concepts have been cited as the ' 
prod/:^ts of scientific processes, as 



the basis for further scientific studies, 
and at times the knowledge that is ap- 
plied by the technologist. . . . Con- 
cepts are important not only because* 
they are the warp and woof of scionc^c 
but also because they provide the pos- 
sessor with a means of coping with the 
development of knowledge in the future. 
It seems that pne way known to provide 
for maximum coverage of old and new 
knowledge is* through the development 
of a classificational system. The 
formation of concepts or conceptual 
schemes is one method of classifica- 
tion which results in such economical 
use of human intelligence. [Pella, 
1966, p. 31] 

Each concept considered for learning must 
be Judged ir? oi its present and future 

functional values in terms of the efficiency 
of learning. Ideally, there is a lowest grade 
level at which it is efficient to teach a given 
science principle and this level is not the 
same for all science principles. Further, it 
is recognized that the ind^x of maturity of the 
learner also remains to be identified. It now 
appears that the index of maturity utilized in 
learning a concept is related to the teaching 
strategy utilized. If there is a minimum of 
reliance on reading and other verbal communi- 
cation and a maximum reliance on comprehend- 
ible analogous models, grade level and IQ, 
traditionally used as indices of maturity for 
learning » are of little value ar* predictors 
(Pella & Ziegler, 1967; Carey. 1968; Strauss, 
1968; Helgeson, 1968; Voelker, 1968). 

. . . We may expect to accomplish a 
grade placement of material by . . . 
analyzing the major generalization 
into smaller generalizations, princi- 
ples, and concepts from which it has 
been synthesized and by subsequent 
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subdivision of these until they are re- 
duced ^to elements appropriate for the 
different grades . [NSSE, 1932, p.49] 



Scientific Models 

Since theories in science are expressed as 
words, mathematical formulas, or mechanical 
inventions that are based upon facts, it is 
possible to select from among the theories 
those that can be represented by analogous 
mechanical models • 

Building theoretical models in science 
must not be interpreted as the construction 
of replicas but rather must be accepted as the 
exemplification of ideas; the rare coincidence 
when a theoretical model turns out to be a 
replication is the exception. A model formed 
in science is the result of the inventiveness 
and past experience of the model formf?r. A 
model is a portrayal of an idea that may or 
may not be credible for a real life phenomenon. 

Theories do not emerge completely devel- 
oped in the scientific* community. Most theor- 
ies have an evolutionary history, beginning 
with a simple idea and continuing through 
many niodifications, additions, and limita- 
tions. This occurs because the scientists 
have agreed that one of the virtues of science 
is its simplicity. Some of the rules of theory 
formation are: 

1 . If there is a choice between two 
theories that are equally adequate 
for use in explaining a given phe- 
nomenon and if one is complex and 
the other is simple, the simple 
theory is chosen. 

2. If there is a choice between devel- 
oping a new theory and modifying 
an existing theory, both being ade- 
quate for use in the same phenom- 
enon, the choice is to modify the 
existing theory. 

3. If there is a choice between a 
theory that cannot be modified 
and one that can be modified in 
the future, both being adequate 
for use in the same phenomenon, 
the choice is the theory that can 
be modified. 

It is noted that no concern has been regis- 
tered for "making the model a replica of na- 
ture." The idea that science could develop a 
photo*iraphic image of nature was abandoned . 
many years ago. The desire of the scientist 
is to help make the world of natural phenomena 



understandable; this means that he must often 
create ideas . The creation of ideas in the 
scientific community is not completely under- 
stood. It is not known what parts of an idea 
are "new" and what parts are newly inferred. 
It may be argued that a new idea results when 
old ideas are structured in a new way but 
this would be of no help to us in this unit. 
The concern in this unit will be the inferring 
of old ideas to new situations, a very diffi- 
cult procedure. The forming of inferences 
seems to be a very high level mental process 
and should be approached slowly with chil- 
dren . 

Inferences are rational and logical and are 
based on fact. They are not wild ideas if 
they are based on facts and are arrived at 
using the criterion of usefulness. Ideas not 
accepted in science are those involving super- 
natural powers or magic. Science depends 
upon many facts if credible ideas are going 
to evolve. 

As the teacher leads the learners through 
the phases of the various models for matter, 
note should be made of the adherence to some 
rather simple rules generally followed in sci- 
ence: 

1 . The model proposed must be as 
simple as possible. 

2. The model must be consistent 
with the facts. 

3. An existing model should be modi- 
fied rather than a new model formed 
whenever possible. 

4. The model need not look like what 
is being modeled. 

5. The model adopted must fit the 
new as well as the old phenomena. 

.Concept Selection 

Reflection upon these qualities of theo- 
retical models leads one to the conclusion 
that theoretical concepts vary in complexity. 
It is further observed that the complexity of 
the concepts appears to depend upon the num- 
ber of factors involved and the degree to 
which the relationship between the facts is 
quantitative. The concepts in the scheme 
"The Particle Nature of Matter" included here 
involve qualitative properties of particles and 
phenomena. The criteria employed in select- 
ing the concepts to be included in this unit 
were: 

1 • They must be theoretical. 
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2. It must be possible to construct 
an analogous mechanical model 
for each. 

3. Those Included must be instruc- 
tionally sequential . 

4. The phenomena they serve to ex- 
plain must be within the common 
experience or be made a part of 
the common experience of children 
In grades 2 through 6. 

Estimates of the worth of the conceptual 
scheme, "the Particle Nature of Matter, " are 
revealed In the fact that: • 

(a) NSTA Included the scheme as one of 
those recommended for curriculum 
building: 

I. All matter Is composed of 
units called fundamental par- 
ticles; under certain conditions 
these particles can be trans- . 
formed Into energy and vice 
versa. II. Matter exists In 
the form of units which can be 
classified to hierarchies of 
organization levels. [NSTA, 
1964, p. 20] 

(b) Feynman, a physicist, and associ- 
ates have made the following state- 
ment: 

If, In some cataclysm, all of 
scientific knowledge were to 
be destroyed, and only one 
sentence passed on to the 
next generation of creatures , 
what statement would con- 
tain the most information In 
the fewest words? I believe 
it Is the atomic hypothesis 
(or the atomic fact, or what- 
ever you wish to call It) that 
things are made up of atoms 
— little particles- th'»t move 
around In perpetual motion, at- 
tracting each other when they 
are a little distance apart, but 
repelling upon being squeezed 
Into one another. In that one 
sentence, you will see there Is 
an enormous amount of Informa- 
tion about the world. If just a 
little Imagination and thinking 
are applied. [Feynman, Leigh- 
ton, & Sands, 1963, pp. 1-2] 



Lei'Son Structure 

the lessons in this unit are designed to 
provide opportunities for young children to 
learn more about how problems resolved by 
theory development are attacked. The first 
lesson alms at the development of classlfl- 
catlonal concepts where the learner forms 
operational definitions of matter and energy. 
In the following lessons the learner is 
assisted in evolving a model for matter that 
enables him to explain natural phenomena. 

Throughout the lessons the rules for theory 
formation are followed. The learner Is re- 
minded that theoretical models must be use- 
ful in explaining specific natural phenomena 
if they are to be retained and that there are 
no general models of matter separate from a 
natural phenomenon involving matter. As the 
learner proceeds he finds that a model that is 
useful in explaining a change in the phase of 
matter from liquid to gas is not necessarily 
adequate to help explain chemical changes. 
To the learner, the adequacy of the model 
must always be judged from the frame of ic^f- 
erenceof the phenomenon to be explained. 

In the lessons the student experiences a 
natural phenomenon, judges some models, 
and suggests or judges modifications of a 
model. Opinions concerned with conc€'-t 
teaching in science are somewhat confused; 
hence, you are alerted at this point. There 
are some teachers who believe that the stu- 
dents should discover the theory and there 
are others who say that discovery of a theory 
is impossible since theories are inventions 
of the' human mind. The procedure followed 
here is based on the opinion that theories 
evolve as more facts are accumulated and as 
more ideas are invented by people; theories 
in science are invented by people and not 
discovered in nature. If you wish to believe 
that the processes Involved in making Infer- 
ences are discovery you may say that some 
discovery takes place here. 

The lessons that describe the teaching pro- 
cedure Include extensive use of mechanical 
models and films for suggesting ideas to the 
learners. The learner judges the reasonable- 
ness of adding each Inferred idea to the model 
to be used in explaining the phenomena. Some 
ideas he accepts, some he rejects, and some 
he modifies. The factors used in modifying 
att existing concept to meet the requirements 
of a new situation are Introduced singly so the 
learner is protected from confusion that is con- 
5iequent to "too many factors" at one time. 

Pupil activity, in addition to manipulating 
apparatus, witnessing demonstrations, and 
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viewing films involves the building of models 
on an overhead projector. The overhead pro- 
jector activities appear to help the pupils to 
build mental models involving the idea of. par- 
ticles. 



Testing 

The evaluation instruments are in the form 
of motion picture films with each test item 
identified in terms of the associated concept. 
The administration and assessment of the re- 
sults of the test are simple in that the number 
answered in an acceptable manner per concept 
is the important indicator. The key and con- 
cept identification are included for your ref- 
erence. I 

The motion picture type of instrument has 
been found to be interesting to elementary 
school children and easily administered. The 
five items" for each concept have been classi- 
fied into two groups based on the quality of 
the items. This makes the development of 
shorter or equivalent forms of a test instru- 
ment possible • The classification of the items 
in terms of quality is found in Chapter III. 



Selected Concepts 

The concepts from the scheme "The Particle 
Nature of Matter" selected and ordered as pre- 
sented experimentally, individually* and in units 
are: 

1. All matter is made up of particles. 

2. Particles of matter have spaces be- 
tween them, 

3. Particles of matter are very small. 

4. Particles of matter are in motion. 

5. Particles of matter move faster when 
the matter is heated. 

, 6. Particles of matter usually move 
/ farther apart when the matter is 
heated • 

7. In the solid state, the particles of . 
matter are packed together in a pat- . 
tern and move within a small space. 

8. In the liquid state » the particles of 
matter are loosely clustered together, 
and move about. 



9. In the gas state* the particles of 
matter are far apart and move freely. 

10. The state of matter can be changed 
from solid to liquid and from liquid 
to solid. 

11 . The state of matter can be changed 
from liquid to gas and from gas to 
liquid. 

12. The push against the surface by a 
gas depends upon the number and 
rate of motion of particles of the 
gas. 

13. Some particles of matter (mole- 
cules) are made up of simpler 
particles (atoms). 

14. Some molecules are made up of 
only one kind of atom (element). 

15. Some molecules are made up of 
two or more kinds of atoms (com- 
pounds) . 

16. Some samples of matter contain 
more than one kind of molecule 
(mixtures) . 

17. Each type of molecule is formed 
horn definite numbers and kinds 
of atoms . 

18. Particles of matter have mass and 
occupy space. 

19. The average size and mass of the 
atoms of each element do not vary. 

20. Atoms are made up of particles: 
protons I neutrons, and electrons. 

21. Electric charges are associated 
with the particles of matter. 

22. The particles of matter attract each 
other. 

23. The mass of an atom is determined 
by the number and kinds of parti- 
cles that it contains • 

24. All atoms of a given element are 
made up of the same number of elec- 
trons and protons. 

25. Molecules are made up of atoms that 
are held together by electrical forces. 
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Experimental Testing and Results 



The lesson plans » models, films, and 
tests described in this report and included 
in the accompanying Practical Paper were 
revised many times based on the results of 
their use in pilot projects with individual 
pupils, small groups, and entire populations 
of elementary schools. The teaching mate- 
rials described and included in this report 
are slight modifications (wording of ques- 
tions, etc.) of those used in the study. 
Minor problems noted during the last tryout 
were rectified. The last activity in the proj- 
ect was that of having regular elementary 
school classroom teachers use the materials 
in teaching the concepts in a public elemen- 
tary school. 



Problem 

Is it feasible to teach selected concepts 
from the scheme "The Particle Nature of Mat- 
ter" to elementary school children? 



Discussion 

Since understanding of the individual con- 
cepts gained as a result of the teaching 
strategies employed was the central goal of 
the project, the teaching strategies and the 
materials became the factors under experi- 
mental examination • The judgment that none, 
some, or all of the concepts can be taught 
must thus be given' from this frame of refer- 
ence. If the judgment is negative, the infer- 
ence may be either that the concepts are not 
appropriate to the learning goals or maturity 
of the pupils or that the strategies are, not 
adequate. It is obvious that these proposi- 
tions are* credible only if it is assumed that 
the teacher is adequately prepared for the 
task. If this assumption is not accepted and 
the outcomes are negative, it may not be pos- 



sible to reject the concepts or to judge the 
strategies inappropriate for a given group of 
pupils. 

Criteria 

The criteria for the acceptance of a con- 
cept are: 

1 . fifty percent of the experimental group 
earn a score of 60% (three of five items 
correct) or higher on the locally pro- 
duced test; 

2. the conce pt posttest mean score earned 
by the experimental group is higher than 
that of thiS control group; 

3. ' the concept posttest mean score earned 

by the experimental group is higher than 
the corresponding pretest score; 

4. the opinions of the classroom teachers 
are generally positive; and 

5. the opinions of the pupils are generally 
positive. 



Instruments Used 

The scores earned on the locally-produced 
motion picture type tests. Forms C, M, S, U, 
and X, consisting of five items per concept, 
were used to indicate the levels of pupil 
achievement. The instruments served both as 
pre- and posttests. 

Teacher opinions were ascertained through 
the use of a locally prepared checklist that was 
completed by each teacher immediately foUow- 
• ing his teaching of a given concept (Appendix A) . 

Pupil opinions were ascertained through the 
use of a* locally prepared checklist that was 



completed by each pupil following his study 
of a given concept fAppendix B) • 

Experimonfal Procedure 

School Selection 

In order to produce data that would allow 
some generalizations, it was necessary to: 

1 • compare experimental and control 
groups in terms of concept test 
achievement scores, 

2. ascertain the opinions of classroom 
teachers relative to the appropriate- 
ness of the concepts and the suita- 
bility of the materials and teaching 
strategies, and 

3. ascertain the opinions of pupils rela- 
tive to the suitability of the materials. 

These requirements necessitated the in- 
volvement of: 

1. two or more similar classes per grade, 

2. teachers from schools using self- 
contained classrooms who were will- 
ing to devote some of their time to 
the learning of the concepts, how to 
use the materials, and to teaching 
the concepts; and 

3. a school system that would be willing 
to allow the experiment to be carried 
on in one or more schools . 



Teacher Preparation 

The classroom teacher instructional program 
consisted of one 2-hour period per week con- 
ducted by members of The University of Wis- 
consin Research and Development Center staff. 
The content of each teacher instruction session 
included the concepts and teaching strategies 
to be used by the teachers in the 5 days to 
follow. 



Teaching Period 

The term of the experiment, including both 
teaching and testing, involved 40 school days 
and each pupil instructional period was 30 min- 
utes in length. The experimental classes at 
all grade levels received instruction related to 
a given concept on the same day. 



Results 

The elementary school selected had the fol- 
lowing characteristics: 

1 . two or more classes per grade level, 

2. pupils at each grade level except 
grade 6 were randomly assigned to 
classes (One group of academically 
talented pupils from several area 
schools formed one sixth grade 
class IAT-6]; however, all other 

' pupils at that grade level were 
randomly assigned.), and 

3 . the teachers and administrators were 
willing to participate in the program. 



Experinnenlal Class Selection 

The school principal selected one class at 
each grade level 2 through 6 to become the 
experimental population. 



Population 

Ihmber, The numbers of pupils per grade 
level varied slightly from grade to grade and 
section to section; however, the numbers at 
each grade level in the experimental and con- 
trol groups who completed all of the pre- and 
posttests were about ecmal CTable 1) . 



Pre-and Posttests 

The locally developed concept tests were 
administered as pre- and posttests to the ex- 
perimental and control groups. All pretests 
(Forms C, M, S, U, and X) were administered 
to both groups prior to any instruction related 
to the concepts. Posttests were administered 
to the control and experimental groups by the 
University production staff immediately folbw- 
ing the teaching of the related lessons to the 
experimental groups . 

The questionnaires related to the individual 
concepts were completed by the teachers and 
pupils on the day that the lesson on a concept 
was completed. 

Carrpardbitity* The credibility of the as- 
sumption of comparability of the control and 
experimental groups may be tested for grades 
2 and 5. Note from Table 2 that the groups 
are similar in IQ, reading, mathematics, and 
science (5th grade) . 
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Table 1 

Numbers of Students in Experimental and Control Classes 
Completing the Test Items by Grade Level 



Grade 
Level 


Pre 


Experimental 

Post 




Control 
Pre Post 


2 


26 


26 




23 


23 


3 


23 


22 






24 


4 


27 


26 




27 


27 


5 


26 


25 




27 


26 


6 


26 


25 




25 


24 


Total 


128 


124 




126 


124 






Table 2 








Mean Scores on Standardized Tests for the Second and 
Fifth Grade Experimental and Control Classes 








Second Grade 


Fifth Grade 






Experimental 
N = 26 


Control 
N = 22 


Experimental 
N = 25 


Control 
N=23 


IQ (Kuhlman-Anderson) 




114.1 


110.1 


114.7 


116.5 


Reading (Stanford 
Achievement Test)* 




4.54 


4.59 


5.84 


5.83 


Mathematics (SAT)* 




6.00 


5.36 


5.84 


6.30 


Science (SAT)* 








6.08 


5.82 



*Scores in stanine units 
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in 

Tests 



The orientatic ^ of the concepts and the 
teaching strategy employed in this unit placed 
very little emphasis on reading as a tool for 
learning. Consistent with this idea, the de- 
velopment of the evaluation procedures em- 
ployed also minimized reading. Basic to the 
plan to minimize reading in this unit was the 
belief that the conceptual background devel- 
opment possibilities of an individual are not 
limited to the reading level of the individual; 
the conceptual level of the individual may 
exceed his technical reading vocabulary « The 
evaluation instruments developed for this unit 
of study, therefore, had to meet the criterion of 
"demanding minimal reading skills and vocab- 
ulary." 



Item Criteria 

All items used in the tests were expected 
to satisfy at least six of the eight criteria that 
follow: 

1. The item is concerned with the selected 
concept. (Each item must be specific 
to a given concept.) 

2* The proportion of the population select- 
ing the accepted response when the in- 
strument was administered following in- 
struction is greater than 0.50, the level 
attributable to random guessing. 

3. The proportion of the population select- 
ing the accepted response to each item 
is greater when the instrument is admin- 
istered as a posttest than when it is 
administered as a pretest. 

4. The proportion of the instructed popula- 
tion is greater than the proportion of the 
noninstructed population choosing the 



accepted response to each item when 
the instrument is administered as a 
posttest. 

5. The proportion of the instructed popula- 
tion at each class level selecting the 
accepted response to each item in- 
creases progressively with grade level 
when the instrument is administered as 
a posttest , 

6. The items are not of extreme difficulty 
when included as a posttest for the in- 
structed population {-2a<X5o<+ 2a). 

7. The items are positive discriminators 
when included as a posttest for the in- 
structed population 0.30). 

8. The items are usable with groups in a 
classroom • 

In addition to minimal reading the following 
characterize the evaluation instruments: 

1. The items are stated in an objective form. 

2. There cire five individual items related 
to each concept. 

3. Each test item involves a natural phe- 
nomenon and the theoretical concept is 
useful in explaining the phenomenon. 

4. All items are in the media of colored 
still or motion pictures and sketches. 

5. Written captions are included so the^, 
teacher may read them to the ptiplis"; - 

6. The five items related to an individual 
concept in a given test are sequenced 
at random • 
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7. Sample items are included to serve 
in giving directions to the pupils. 

8. The total evaluation instrument con- 
sists of five parts and five items per 
concept; 1. Concepts 1-6, 2. Con- 
cepts 7-11, 3. Concepts 12-16, 

4. Concepts 17-21, and 5. Concepts 
22-25. 

9. The pupils indicate their responses 
on separate answer sheets. 

The Test 

The items included in each of the five 
test parts are indicated for your information . 
It is impossible to show the several colors 
used to avoid the development of student 
clues and for you to observe the motion; 
however, each sketch includes shading and 
an indication that the sketch is dynamic or 
static. 

The five items related to each concept 
and the position of each item relative to 
other items are indicated. For example. 
Test Part C includes Concepts 1-6 and item 
C-5 is the fifth item on the test. Test Part 
M includes Concepts 7-11 and M-15 is the 
15th item on the test. Test Part S includes 
Concepts 12-16, Test Part U includes Con- 
cepts 17-21, and Test Part X includes Con- 
cepts 22-25. 

For a detailed explanation, see Concepts 
1-25 in Chapter IV of the accompanying Prac- 
tical Paper (No. 173). 

Evaluation of the Items 

The evaluation of the items included two 
phases; determination of the usability of this 
type of item and determination of the quality 
of the items. A more complete analysis may 
be found in a report by Doran (1969). 

Phase I 

The field test employed to determine the 
usability of this type of pictorial test in- 
volved all of the pupils in grades 2 through 
6 in one elementary school. The criteria'of 
usability employed were "the pupils can re- 
spond to the choices" and "the responses 
following a period of instruction are above 
the chance level." 

In order to examine the usability of the 
test type it was necessary to administer all 

10 
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'tems as parts of a pretest and a posttest and 
also to tea^'h all of the concepts at the several 
grade levels. It was admitted that these data 
would give some bases for Judgment; however, 
it was quickly observed that certain clues 
could unconsciously be built into the items. 
Some clues noted as possible were: (a) The 
color red is more dominant in the desired 
choices, (b) The desired choices include 
more circles, (c) The choice that indues 
motion is the one desired. In order to gain 
information' relative to this problem, it was 
necessary to observe the reactions and re- 
sponses of children to each of the items . In 
addition, the individual tests were studied by 
1 2 graduate students in science education for 
this purpose. 

This phase of the study of the instruments 
resulted in the recasting of many of the ques- 
tions to eliminate some and also to introduce 
a variety of natural phenomena that were 
needed to make certain of the items reason- 
able. The general question "Which is the 
better model for matter?" was quickly found 
to be not appropriate for the unit or the test- 
ing technique since in such a question there 
is no frame of reference. Hence, those cap- 
tions had to be rewritten in terms of "phe- 
nomena to be explained." This first field 
test essentially resulted in the complete re- 
writing of the items . 



Phase II 

This phase of the item evaluation was more 
formally structured since it was judged that 
Phase I had provided the prerequisite facts 
and the desire was to account for as many 
variables as possible. 

The Generalized Item Analysis Program 
(Baker & Martin, 1968) was utilized in com- 
puting item statistics: difficulty, X^q, and 8. 

The quality of th6 individual items in terms 
of the eight accepted criteria is included in 
Tables 3 and 4 (see pages 11 and 12 respec- 
tively); examination of those reveals that: 

1 . With the exception of Concept 1 2, there 
are three or more items per concept that 
satisfy six or more of the eight criteria. 

2. Criterion No. 5, "The proportion of the 
experimental population at each class 
level selecting the accepted response 
to each item increases progres^sively 
with grade level when the instrument is 
administered as a posttest," is not sat- 
isfied by all except two items (CIS and 
M 24) . This may be due to the failure in 
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Table 3 

Total Number of Criteria Satisfied by Each Item 
Arranged According to Item Number and Concept Number 







Total 






Total 






Total 






Total 






Num- 






Num- 






Num- 






Num- 






ber 






ber 






ber 






ber 


Con- 




of 






of 






OI 






of 




Cri- 


Con- 




Cri- 






cri- 


con- 




Cri- 


cept 


Item 


teria 


cept 




teria 


cept 




teria 


cept 




teria 


Num- 


Satis- 


Num- 


Item 


Satis- 


Num- 


Iten 


Satis- 


Num- 


Item 


Satis 


ber 


Number 


fied 


ber 


Number 


fied 


UCi 


iM umkier 


fy A/4 
Ilea 


oer 


Number 


fled 




C-1 


7* 




M-1 


7* 




S-5 


6* 




U-2 


7* 




C-4 


7* 




M-6 


6* 




S-8 


7* 




U-12 


7* 


1 


C-12 


7* 


7 


M-10 


7* 




o— 1 £ 


7* 


x^ 


TT 1 Jl 

U— 1 4 


7* 




C-20 


6* 




M-1 2 


5 




S-19 






U-16 


5 




C-26 


7* 




M-1 7 


6* 




S-23 


7* 




U-18 


7* 




C-2 


7* 




M-2 


4 




S-2 


7* 




U-1 


7* 




C-7 


6* 




M-8 


6* 




S-9 


6* 




U-6 


7* 


2 


C-11 


7* 


8 


M-1 3 


7* 


1 d 


O— 1 4 






TT ft 


7* 




C-16 


7* 




M-19 


6* 




S-17 


7* 




U-15 


7* 




C-27 


7* 

• 




M-22 


7* 




S-25 


6* 




U~20 


7* 




C-5 


b 




M-4 


7* 




S-3 


6* . . 




U-7 


7* 


3 


C-17 


6* 




M-7 


5 




S-7 


7* 




U-11 


6* 


C-19 


7* 


9 


M-15 


6* 








^x 


TT— 1 7 
U —X / 


*7 4 




C-23 


7* 




M-21 


6* 




S-15 


6* 




U-21 


6* 




C-30 


7* 




M-24 


8* 




S-1 8 


7* 




U-25 


6* 




C-9 


5 




M-5 


6* 




S-4 


4 




X-2 


7* 




C-14 


5 




M-14 


, 6* 




S-11 


7* 




X-6 


7* 


4 


C-21 


6* 


10 


M-16 


• 7* 


16 


.S-1 6 


7* 


22 


X-12 


6* 




C-25 


7* 




M-23 


7* 




S-21 


5 




X-17 


5 ' 




C-29 


6* 




M-25 


7* 




S-24 


7* 




X-19 


7* 




C-8 


6* 




M-3 


7* 




U-3 


7* 




X-1 


5 




C-15 


4 




M-9 






U-5 


6* 




X-7 


6* 


5 


C-18 


8* 


11 


M-11 


7*' 


17 


U-13 


7* 


23 


X-9 


6* 




C-22 


7* 




M-1 8 


7* 




U-19 


7* 




X-1 4 


5 




C-24 


7* 




M-20 


7* 




U-24 


7* 




X-1 8 


7* 




C-3 


5 




S-1 


7* 




U-4 


7* 




X-4 


6* 




C-6 


7* 




S-6 


5 




U-8 


7* 




X-8 


7* 


6 


C-10 


7* 


12 


S-10 


5 


18 


U-10 


6* 


24 


• X-ll 


7* 




C-13 


6* 




S-20 


5 




U-21 


7* 




X-1 6 


7* 




C-28 


5 




S-22 


4 




U-23 


5 




X-20 


7* 



♦ Indicates that the item sat- 
isfied at least six criteria. 
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X-3 
X-5 
X-10 
X-1 3 
X-1 5 



5 

7* 
7* 
7* 
7* 
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Table 4 
Items Ranked by "Goodness" 



Concept Rank of Quality 

Number Highest Lowest 



1 C-1 2 C-4 

2 C-27 C-16 

3 C-23 C-30 

4 C-25 C-9 

5 C-18 C-24 

6 C-6 C-10 

7 M-10 M-1 

8 M-13 M-8 
.9 M-24 M-4 

10 M-16 M-23 

11 M-20 M-11 

12 S-1 S-10 

13 S-8 S-12 

14 S-17 S-14 

15 S-18 S-7 

16 S-11 S-24 

17 U-19 U-13 

18 U-21 U-8 

19 U-12 U-14 

20 U-1 U-6 

21 U-1 7 U-7 

22 X-6 X-19 

23 X-18 X-9 

24 X-8 X-11 

25 X-13 X-5 



C-1 C-26 C-20 

C-2 C-U C-7 

C-1 9 C-1 7 C-5 

C-29 C-21 C-1 4 

C-22 C-15 C-8 

C-1 3 C-3 C-28 

M-12 M-17 M-6 

M-22 M-19 M-2 

M-21 M-15 M-7 

M-25 M-5 M-14 

M-18 M-9 M-3 

S-6 S-22 S-20 

S-23 S-19 S-5 

S-2 S'-9 S-25 

S-13 S-3 S-15 

S-16 S-21 S-4 

U-24 U-3 U-5 

U-4 U-10 U-23 

U-2 U-18 U-1 6 

U-20 U-15 U-9 

U-25 U-11 U-22 

X-2 X-12 X-17 

X-7 X-14 X-1 

X-16 X-20 X-4 

X-10 X-1 5 X-3 



the use of the unit to reach the limits 
of the intellectual maturity of the pop- 
ulation, that is, all of the concepts 
may properly be included. A second 
explanation relates to the possibility 
that the form of the test item provides 
clues to pupils of all levels of maturity. 

It may be inferred from the summary statis- 
tics related to these test items that fewer than 
five items per concept could be used in test- 
ing pupils or that equivalent forms of the test 
could be developed. These practices would 
be based on the assumption that each of the 
items for each concept is equally "good." 

If that assumption is not credible, it is 
only reasonable to want to use the best items . 
For that reason, the items related to each* con- 
cept have been rated in an order of descending 



quality (Table 4). The arrangement of the five 
items per concept in terms of their relative 
quality was accomplished as follows: 

1 . The items were ordered in terms of 
the number of criteria satisfied. 

2. If there were equivalent ratings 
assigned to two or more items in 
1, they were ranked in terms of 
the 6 values (difference greater 
than 0.25). 

3. If there were two or more equivalent 
ratings noted for items when 1 and 2 
were applied, they were divided 
according to proportion of the past 
experimental scores earned on the 
items that were greater than 0.50» 
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If 2 and 3 failed to make the separa- 
tion of two or more items possible, 
they were ranked according to pre- 
post gain score? earned by the ex- 
perimental grou). 

If 2, 3, and 4 f.iiled to enable the 
separation of tvo or more, they were 



ranked according to differences be- 
tween posttest scores earned by ex- 
perimental and control groups. 

6. If 2, 3, 4, and 5 failed to enable the 
• separation of two or more items, they 
were ranked according to the XgQ 
above -2a. 
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IV 

Concept Feasibility 



Lessons 

Evaluation of the lessons is reported in 
three parts: (1) the two yfrades for which 
current data were available are described in 
terms of correlations among sex, age, IQ, 
scores earned on standardized general 
achievement tests, and scores earned on 
the pre- and posttest; (2) the mean scores 
earned on the total test by each group in the 
total population and by each group at each 
grade levbi; and (3) the data for determining 
each of the criteria of feasibility. A more 
complete analysis of the lessons can be 
found in a report by Green (1970) . 



Correlative Data 

The assumption was made that within any 
particular grade level the degree of student 
performance on the posttest would not be 
strongly related to sex, age, IQ, or scores 
earned on standardized general achievement 
test. Flrom Tables 5 and 6 it can be seen 
that although the data are not consist^t, 
this assumption cannot be accepted without 
qualification. 



Total Tost 

A summary of the results of the total test, 
when administered to the control and experi- 
mental groups as a pretest and a posttest, is 
presented in Tables 7 and 8 and in Figures 1 
and 2. 

It is noted from Tables 7 and 8 and Figures 
1 and 2 that when the total pre- and posttest 
scores earned by all the experimental and 
control groups are treated using the Hoyt 
Analysis of Variance procedure that the in-* 
temal consistency reliabilities were 0*50 or 



above, a level considered adequate for de- 
cisions about group achievement (Harris, 
1968) . The reliabilities of the posttest 
scores for the experimental groups at each 
grade level were also consist€.i.»,ly above 
0.50. 

It should be pointed out that the relia- 
bility coefficient obtained for the total popu- 
lation might be spuriously high because of 
the tendency for a wide range of scores ob- 
tained over a range of age groups to increase 
the estimate (Walker & Lev, 1969, p. 233). 
On the other hand, the reliability estimates 
for the more homogeneous groups at each 
grade level (Table 8), although somewhat 
lower, are still well above the 0.50 level in 
most cases. 



Feasibility Criteria 

The data related to Criterion 1 , "50% of 
the treatment group at any particular grade 
level must answer at least 60% (three of 
five) of the items coirectly," included in 
Table 9 reveal that the condition was met 
for many concepts in experimental and con- 
trol classes prior to Instruction and for ec- 
sentiWily all concepts in the experimental 
classes following instruction. 

When the level of achievement is raised 
to 80% it can be seen that a much larger dif- 
ference exists between the number of con- 
cepts meeting the criterion on the pre- and 
posttest by the experimental group and be- 
tween the number meeting the criterion on 
the posttest by the control and experimental 
groups « 

Criterion 2 and Criterion 3 will be pre- 
sented together utilizing the data in Tables 
D-1 through D-25 and Figures D-1 through 
D-25 (Appendix D) . The data for a single 
concept are displayed in each Tab'e and 
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Table f 



Correlations Among Sex, Age» Standard Scores, and 
Total Test Scores — Experimental Group — Grade 2 





Sex 


Age 


IQ 


Reading 


Math 


Pre 


Post 


Sex 


1. 000 














Age 


-.241* 


1. 000 












IQ 


-.464 


-.154 


1. 000 










Reading 


-.365 


.000 


.447* 


1. 000 








Math 


-.423* 


-.024 


.301 


.548** 


1. 000 






Pre 


.045 


.035 


.141 


.074 


.114 


1. 000 




Post 


-.177 


-.057 


.394* 


.5 24** 


.593*** 


.262 


1. 000 



* « Significant at .05 level. ** = Significant at .01 level. *** = Significant at .001 level. 



Table 6 

Correlations Among Sex, Age, Standard Scores, and 
Total Test Scores— Experimental Group— Grade 5 





Sex 


Age 


IQ 


Reading 


Math 


Science 


Pre 


Post 


Sex 


1. 000 
















Age 


-.021 


1. 000 














IQ 


-.582** 


-.371* 


1. 000 












Reading 


-.585** 


-.219 


.767*** 


1. 000 










Math 


-.342 


-.154 


.607*** 


.662*** 


1. 000 








Science 


-.543** 


-.101 


.660*** 


.811*** 


.385 


1. 000 






Pre 


-.209 


-.009 


.310 


.579** 


.185 


.653*** 


1. 000 




Post 


-.473* 


-.001 


.501** 


.739*** 


.229 


.718*** 


.706*** 


1. 000 



* = Significant at .05 level. **= Significant at .01 level. *** = Significant at .001 level. 



Table 7 

Mean, Standard Deviation, Reliability, and Standard Error of 
Measurement of Total Pretest and Posttest Scores- 
Control and Experimental Groups 





Mean 


Standard 
Deviation 


Reliability 


Standard Error 
of Measurement 


« ^ ^ Control 
Pretest 


7 2.20 


7.83 


0.60 


4.93 


Experimental 


74.09 


8.65 


0.67 


4.94 




(76.41)1 


(10.22) 


(0.77) 


(4.89) 


Control 


76.06 


8.37 


0.66 . 


4.88 


Posttest Experimental 


89.23 


12.02 


0.85 


4.57 




(93.07) 


(14.45) 


(0.91) 


(4.37) 



Data using results from academically talented 
6th graders (6-AT) are shown in parentheses. 




Table 8 

Mean, Standard Deviation, Reliability, and Standard Error of 
Measurement of Total Pretest and Posttest Scores — 
Control and Experimental Groups 

Standard 

Adminis- Treat- Standard Error of 

Grade tration ment Mean Deviation Reliability Measurement 

2 Pretest Cont. 66.43 5.92 0.26 5.07 

Exp. 68.11 7.72 0.57 5.06 

Posttest Cont. 70.87 6.44 0.40 4.97 

Exp. 88.04 10.92 0.82 4.67 



3 Pretest Cont . 69.58 6.84 0.49 4.86 

Exp. 71 .27 7.80 0.58 5.00 

Posttest Cont. 70.83 6.99 0.50 4.90 

Exp. 82.50 9.79 0.76 4.76 



4 Pretest Cont. 73.18 6.60 0.45 4.88 

Exp. 73.27 7.48 0.57 4.86 

Posttest Cont. 76.52 6.32 0.40 4.89 

Exp. 85.62 12.48 0.87 4.53 



5 Pretest Cont. 74. 27 7.37 0.56 4.86 

Exp. 74. S2 7.44 0.56 4.93 

Posttest Cont. 78.92 8.25 0.66 4.77 

Exp. 93.04 11.76 ' 0.85 4.44 



6 Pretest Cont. 76.29 8.45 0.68 4.72 

Exp. 82.92 5.65 0.30 4.71 

Posttest Cont. 82.67 7.50 0.61 4.67 

Exp. 96.32 10.33 0.83 4.22 



6-AT Pretest Exp. 89.36 8.30 0.71 4.44 

Posttest Exp. 144.72 4.06 0.56 2.67 



mean score earned on the posttest by the level must be greater than that earned on 

experimental group at any particular grade the pretest." 

level must be greater than that earned by From ^Tables D-1 through 25 and Figures 

the control group." Criterion 3 was "the . D-1 through 25 (Appendix D), it may be 

mean score earned on the posttest by the • noted that Criterion 2 was satisfied for 

V 25 ■ 
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MEAN 
TOTAL 
TEST 
SCORES 
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80 
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POSTTEST 



Fig. 1. 



(Not Including 6-AT) 

Mean Scores Earned by the 
Control and Experimental 
Groups on the- Total Pretest 
and Posttest. 
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70 
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EXPeRIMCtTAL 



PRE POST PRE POST PRE POST PRE POST 
3 4 S 6 



PRE POST 
6-AT 



Fig. 2. Total Pretest and Posttest Mean 
Scores by Grade for Control and 
Experimental Groups. 



j;. ... 

Concepts 1 through 25 at all grade levels 
with the following exceptions: 

1. Second grade — Concept 25 

2, Third grade — Concepts 5 and 10 

3: Fourth grade— Concepts 2, 13, 16, 
and 23 

4. Fifth grade — Concept 23 

5. Sixth grade — Concepts 4, 22, and . 

23 

From Tables D-1 through 25 and Figures 
D-1 through 25 (Appendix D), it. may be noted. , 
that Criterion 3 was satisfied .for Concepts 1 
through 25 at all grade levels with the follow- 
ing exceptions: 

1. Thirdgrade— Concepts 5, 18, and-. 



2. Fourth grade— Concepts 5 and 25 

3. Sixth grade— Concepts 12, 16, and 

23 

The data related to Criteria 4 and 5 shown 
in Table 10 reveal that Criterion 4, "positive 
teacher opinion," was satisfied for all concepts 
in grades 4, 5, 6, and 6-AT and for most con- 
cepts at grades 2 and 3. "Positive student 
opinion," Criterion 5, was definitely positive. 

Table 11 is a summary of the five criteria 
and the grade levels at which they were satis- 
fied. It can be seen that the greatest prepon** 
derance;'of the concepts satisfied four of the 
five criteria at all grade levels. However, 
two concepts, 2 and 23, did not satisfy four 
of the five criteria at two grade levels, and 
Concept 5 did not satisfy four of the five cri- 
teria at one grade level. 
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Table 9 

Criterion 1: Concepts in Which 50% of Class Earned a Score of 60% or Higher 



Pretest 


Posttest 


Control Group 


Experimental Group 


Control Group 


Experimental Gro.up 




Grade 








Grade 








Grade 








Grade 








A 

H. 


c 


6 


2 


3 


A 

H. 


c 
0 


6 


6-AT 


2 


3 


4 


5 


6 


2 


3 


4 


5 


6 


6-AT 




1 


























X 


X 


XX 


X 




XX 


X 


XX 




X 


X 






X 


X 


X 


X 


X 


X 


X 


X 




X 


X 


XX 


X 




X 


XX 


XX 


X 


X 




V 

J\ 


X 


X 


X 


X 


X 
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18 
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X = S0% of class earned a score of 60% or higher, xx = 50% of class'eamed a score of 80% or higher. 

fTable 10 cent.) 



Table 10 
Teacher and Student Evaluation of 
Concept Feasibility 



Concept 
Number 



Grade Level at Which Concept 
is Not Considered Feasible 



Concept 
Number 



Grade Level at Which Concept 
is Not Considered Feasible 



By Teacher 



By Students 



By Teacher 



Sy Students 



1 
.2 
. 3 
4 
5 
6 
7 
8 
9 
10 
11 



3 
3 

2,3 



(Cont. in n^t columnj 



12 


2,3 


13 


2 


14 


3 


15 


2 


16 


2 


17 




18 




19 


2 


20 


3 


21 


3 


22 


3 ': 


23 


3 


24 


3^ 
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V 

Summary and Conclusions 



Summary 

1 . The test cx)ntained three or more items for 
each of the 25 concepts , with the e;;cep- 
tion of Concept 1 2, that satisfied six or 
more of the eight item criteria. 

2. The item criteria that were satisfied by 
most of the items were as follows: 

a. The item is concerned with the selected 
concept (Criterion 1). 

b* The proportion of the population select* 
ing the accepted response when the 
instrument was administered following 
instruction is greater than 0»50» the 
level attributable to random guessing 
(Criterion 2) . 

c. The proportion of the population select- 
ing the accepted response to each item ; 
is greater when the instrument is admin- 
istered as a posttest» than when it is 
administered as a pretest (Criterion 3) . 

d. The proportion of the instructed popula- 
tion is greater than the proportion of the 
noninstructed population choosing the 
accepted response to each item when 
the instrument is administered as a 
posttest (Criterion 4) . 

e. The items are not of extreme difficulty 
when included as a posttest for the in- 
structed population (-2a < Xcn < + 2a) 
(Criterion 6). " 

f. The items are positive discriminators 
when included as a posttest for the- 
instructed population (e >+ 0.30) . 
(Criterion?). 

g. . The items are usable with groups in a 

classroom (Criterion 8) . 



3. Criterion 5, "The proportion of the in- 
structed population at each class level 
selecting the accepted response to each 
item increases irogressively with grade 
level when the instrument is administered 
as a posttest/* was met by only two items. 

4. The five items related to each concept' 
could be arranged in an order of "goodness" 
or quality for purposes of constructing a 
test of the particle nature of matter with 
fewer items. 

5. The reliability (Hoyt internal ponsistency) 
of the total test when administered to the 
total population or to specific grades was 
above 0.50, a level considered adequate 
for decisions about group achievement. 

6. Four of the following five criteria were met 
by all grade levels for each of the 25 con- 
cepts with the exception of numbers. 2, 5, 
and 23 where they were not met at one or 
two of the grade levels: 

a. 50% of the experimental group earned a 
score of 60% (3 of 5 items correct) or 
higher on the test (Criterion 1) . 

b. The concept posttest mean score earned 
by the experimental group was higher than 
that of the control group (Criterion 2) . 

0. The concept posttest mean score earned 
by the experimental group was higher 
than the corresponding pretest score 
(Criterion 3) . 

d. The opinions of the classroom teachers 
were generally positive (Criterion 4). 

e. 'The opinions of the pupils were gen- 
erally positive (Criterion 5). 



Conclusions 

1 • A motion picture format emphasizing the 
identification of models for explaining 
natural phenomena is a useful method for 
producing test items which are valid, 
reliable, and usable in testing concepts 



related to the particle nature of matter in 
grades 2 through 6. 

2, The feasibility of teaching selected con- 
cepts related to the particle nature of mat- 
ter in gra<^es 2 through 6 is confirmed by 
analysis of test results and by the positive 
opinions, of teachers and students. 



Appendices 



Appendix A 
Teacher Evaluation Cheddist 



CONCEPT NUMBER GRADE LEVEL 

(circle your answer) 



Do you believe that it is feasible to teach this YES NO 

concept at this grade level? 

If no, why not? 
STUDENTS; 

Did the students have a sufficient background of 

science knowledge to begin to study this concept? ^ 

If no, what was lacking? 

Was the vocabulary appropriate for the students? YES NO 

If no, what words gave trouble? 

Were the students able to follow the lesson? YES NO 

If no, why not? 

Do you think most of the students understood the 

concept? YES NO 

Did the lessons create any additional discipline 

problems? ^^S NO 

If yes, what was the cause? 

Do you feel that the students were interested in _ 

the lesson and seemed to enjoy it? • YES NO 

How would you judge the level of difficulty of 
this concept? 

Appropriate for: ^superior students ^superior and excellent students 

^superior, excellent and average students a ll students. 

Additional Comments:- i 



31 



23 



LESSONS: 



Was the lesson, as described, satisfactory for 
use in teaching the concept? 

If not, where did it fail? 

Were the lesson plans and background informa- 
tion adequate for you as a teacher of this concept? 

If not, what was missing? 

Do you feel that the lesson restricted your teaching 
of this concept? 

If yes, how? 

Was the allotted time adequate for the lesson? 

Was the amount of student activity provided for 
in the lesson excessive? 

Was the amount of student activity provided for 
in the lesson too meagre? 

Additional Comments: 



EQUIPMENT AND SUPPLIES: 

Were the available equipment and supplies 
adequate? 

If not, what was missing? 

Were the skills involved in the manipulation of 
the equipment appropriate for the students* level 
of development ? 

If not, what gave them trouble? 

Were the visual aids adequate? 
If not, what could be improved? 

Was the demonstration equipment too difficult 
for you to set up or handle? 

If yes, what gave you trouble? 
Additional Comments^ 



YES NO 

YES NO 

YES NO 

YES NO 

YES NO 

YES NO 



YES NO 

YES NO 

YES NO 

YES NO 



TABUUTION OF STUDENT CHECKLIST 

Do you think this idea was too hard for you to learn? 

.Did you enjoy this lesson?* 



YES NO 



YES NO 



Appendix B 
Student Evaluation Ctiecklist 



Do you think this idea was too hard for you to learn? 
Did you enjoy this lessr.i? 



YES NO. 

YES NO . 



I 



'^1 
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^ Appendix C 



Tables C-1 — C-75: Data on Test Items 
Related to Concepts 1-25 



Table C-1 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 1 



Item 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


C-1 


Pre 


.40 


Pre 


.45 


.19 


.30 


.41 


.58 


.77 




Post 


.49 


Post 


.85 


.77 


.91 


.81 


.88 


.88 


C-4 


Pre 


.38 


Pre 


.36 


.31 


.22 


.19 


.62 


.46 




Post 


.42 


Pdst 


.64 


.81 


.50 


.46 


.80 


.60 


C-1 2 


Pre 


.21 


Pre 


.22 


.08 


.13 


.07 


.54 


.27 


Post 


.30 


Post 


.57 


.85 


.59 


.46 


.60 


.52 


C-20 


Pre 


.21 


Pre 


.20 


.23 


.26 


.15 


.19 


.15 


Post 


.27 


Post 


.44 


.65 


.73 


.15 


.52 


.60 


C-26 


Pre 


.48 


Pre 


.45 


.31 


.22 


.37 


.50 


.42 




Post 


.52 • 


Post 


.65 


.69 


.59 


.38 


.84 


.72 



Table C-2 

Statistics of the Test Items Related to Concept 
No. 1 When Administered to the Experimental 
Group as Part of a Posttest 



Item 

Number ^50 • 6 



C-1 


-1.29 


1.30 


c-4 


■ -0.38 • 


2.27 


C-1 2 


-0.20 


2.31 


C-20 


+0.16 


2.09 


C-26 


-0.50 


1.14 



Table C-3 
Evaluation of the Test Items Related to 
Concept No. 1 



Item 
Number 


1 


2 


3 


4 5 


6 


7 


8 


" C-1 














* 


C-4 














* 


C-1 2 














* 


C-20 








* 






* 


C-26 














* 



"^Indicates criterion was satisfied. 



Table C-4 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 2 



Item 
Number 


Control 1 
All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


C-2 


Pro 


.72 : 


Pre 


.83 


.81 


.78 


.81 


.92 


.81 




Post 


.79 


Post 


.88 


.B8 


.91 


.92 


.80 


.88 


C-7 


Pre 


.25 


Pre 


.27 


.19 


.30 


.26 


.31 


.27 




Post 


.31 


Post 


.33 


.38 


.18 


.19 


.52 


.36 


C-11 


Pre 


.43 


Pre 


.52. 


.42 


.52 


.44 


.58 


.62 


Post 


.47 


Post 


.53 


.69 


.45 


.35 


.56 


.60 


C-16 


Pre 


.66 


• Rre; 


.73* 


.77 


.74 


.56 


.88 


.73 




Post 


.62 


Post 


.77 


.88 


.68 


.65 . 


.76 


.88 


C-27 


Pre 


.34 . 


• : Pre 


.40 •* 


. , .46 


.39 


.30 


.46 


.38 


Post 


.46 


Post* 


.57 


.73 


.55 


.35. 


.60 


.64 



Table C-5 



Table C-6 



Statistics of the Test Items Related to Concept 
No. 2 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 



C-2 

C-7 

C-11 

C-16 

C-27 



50 



-1.94 
+0.57 
-0.12 
-1.16 
-0.22 



0.76 
1.23 
0.94 
0.86 
1.66 



Evaluation of the Test Items Related to 
Concept No. 2 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 6 


7 


8 


C-2 


* 


* 


* 


* * 


* 


* 


C-7 


* 




* 


* * 


* 


* 


C-U 


* 


* 


* 


* * 


* 


* 


C-16 




* 


* 


* * 


* 


* 


C-27 


* 


* 


* 


* * 


* 


* 



^Indicates criterion was satisfied. 



Table C-7 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 3 



Control 



Item 
Number 



All Grades 



Experimental 
Grade Level . 



All Grades 


2 


3 


4 


5 


6 


Pre .72 


.81 


.78 


.81 


.54 


.65 


Post- .67 


.73 


.68 


.58 


.72 


.64 


Pre • . 84 


.77 


.70 


.85 


.96 


.88 


Post .91 


.96 


.91 


.85 


.88 


.96 


Pre .85 


.81 


.87 


.85 


.88 


.85 


Post .90 


.92 


.91 


.88 


.84 . 


.92 


Pre .63 


.73 


.74 


.63 


.50 


.58 


Po3t . 65 


.65 


.73 


.69 


.52 


.64 


Pre .20 


.08 


.22 


.07 


.38- 


.27 


Post .65 


.85 


.55 


.50 


.72 


.64 



C-5 

C-17 

C-19 

C-23 

C-30 



Pre 


v73 


Post 


.79 


Pre 


.91 


Post 


.96 


Pre 


.80 


Post 


.81 


Pre 


.54 


Post 


.60 


Pre 


.26 


Post 


.27 



Table C-8 

Statistics of the Test Items Related to Concept 
No. 3 When Administered to the Experimental 
Group as Part of a Posttest 



Item ^ 
Number 50 



C-5 

C-17 

C-19 

C-23 

C-30 



-0.52 
-1.64 
-1.99 
-0.43 
-0.58 



1.55 
1.44 
0.81 
1.70 
0.93 



Table C-9 

Evaluation of the Test Items Related to 
Concept No. 3 



Item 






Criterion Number 






Numbei* 


1 


2 


3 


4 5 


6 


7 


8 


C-5 


* 










it 




C-17 . 


*• 




* 




it 


it 




C-19 


* 




* 




if 


it 




C-23 


* 


* 


*• 


* 


it 


it 


* 


C-30 


* 


* 


* 


* 


it 


it 


it 



"^Indicates criterion was satisfied. ' 



Table C-10 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 4 





Control 










Experimental 






Item 














Grade Level 






Number 


All Grades 


All Grades 


2 




A 
*t 


5 


6 


C-9 


Pre 


.97 


Pre 


.98 


1 00 


.96 


1.00 


<)6 


1 nn 




Post 


.94 


Post 


1.00 


1.00 


1.00 


1. 00 


1.00 


1.00 


C-14 


Pre 


.88 


Pre 


.96 


.96 


1.00 


.96 


.92 


.96 


Post 


.85 


Post 


.93 


.92 


.82 


1.00 


.92 


.96 


C-21 


Pre 


.38 


Pre 


.37 


.35 


.26 


.44 


.38 


.38 


Post 


.31 


Post 


.48 


.54 


.36 


.42 


.56 


.48 


C-25 


Pre 


.71 


Pre 


.71 


• 73 


.74 


.67 


.88 


.54 


Post 


.71 


Post 


.73 


.62 


.77 


.65 


.84 


.80 


C-29 


Pre 


.94 


Pre 


.96 


1.00 


.96 


.96 


.92 


.96 


Post 


.95 


Post 


.96 


.96 


.95 


1.00 


.92 


.96 



Table C-1 1 
Statistics of the Test Items Related to 
Concept No, 4 When Administered to* the 
Experimental Group as Part of a Posttest 



Item 
Number 


50 


6 


C-9 






C-14 


-2.28 


0.83 


C-21 


+0.07 


2.15 


C-25 


-0.76 


1.45 


C-29 


-1.80 


4.21 



Table C-1 2 
Evaluation of the Test Items Related to 
Concept No. 4 



Item Criterion Number 



Number 


1 


2 


3 


4 


5 6 


7 


G 


C-9 










X 


X 


* 


C-14 


* 










* 


* 


C-21' • 












* 


* 


C-25 












* 


* 


C-29 


* 








* 


* 


* 



* Indicates criterion was satisfied. 
X Indicates value v/as not calculated. 



••Table C-13 

Proportions of the Control and Experimental Groups Choosing, 
the Accepted Responses to the Test Items Related to Concept No. 5 





Control 


- 










Experimental 






Item 
Number 


All Grades 


AH Grades 


2 


3 


Grade Level 
4 


5 


6 


C-8 


Pre 
Post 


.75 
.65 


Pre 
Post 


.72 
.67 


.77 
.54 


.57 
.36 


.85 
.62 


.69 
.88 


.69 
.92 


C-15 


Pre 
Post 


.65 
.59 


Pre 
Post 


.75 
.74 


.85 
.69 


.52 
.59 


.81 
.77 


.77 
.80 


.77 
.84 


C-1 8 


Pre 
Post 


.60 
.50 


Pre 
Post 


.69 
.70 


.65 
• .62 


.61 
.64 


.74 
.69 


.69 
.76 


.73 
.80 


C-22^ 


Pre 
Post 


.86 
.83 


Pre 
Post 


.83 
.85 


.73 
...88 ' 


.91 
.77 


.81 
.69, 


.81 
.96 


.88 
.92 


C-24 


Pre 
Post 


.63 
.58 


Pre 
Post 


.68* 

.77' 


. .^6 
.69 


.70 
.73 


.56 

.81 , 


.81 
.84 


.88 
.80 



•31 



Table C-14 

Statistics of the Test Items Related to Concept 
No. 5 When Administered to the Experimental 
Group as Part of a Posttest 



Item y 
Number ^50 0 



C-8 -0.69 0.P3 

C-15 " — :^ 

C-18 * -0.62 1.64 

C-22 -1.80 . 0.69 

C-24 -0.87 1.73 



Table C-15 

Evaluation of the Test Items Related to 
Concept No. 5 



Item . 






Criterion Number 






Number 


1 


2 


3 


4 5 


6 


7 


8 


C-8 


* 


* 




* 


* , 


* 


* .. 


C-15' 


* 


* 




* 


X 


X 


* 


C-18 


* 


• * 


* 


* * 


* 


•* 


* 


C-22 


* 


* 


*• 


* 


* 


* 


* 


C-24 


* 


* 


* 


* 




* 


* 



* Indicates criterion was satisfied. 
X Indicates value was not calculated. 



Table C-16 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 6 



Item 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


C-3 


Pre 


.92 


Pre 


.90 


.96 


.91 


1.00 


.81 


.81 




Post 


.93 


Post 


.89 


.96 


.86 


.92 


.76 


.92 


C-6 


Pre 


.52 


. Pre 


.55 


.42 


.43 


.56 


.58 


.77 




Post 


.53 


Post 


.78 


.69 


.68 


.69 


.96. 


.88 


C-10 


Pre 


.69 


Pre 


.71 


.77 


.78 


.67 


.54 . 


.81 


Post 


.81 . 


^ Post 


.88 


.73 


.86 


.96 


.92 


.92 


C-13 


Pre 


.39 


Pre 


.42 


.42 


.48 


.44 


.31 


.46 




Po3t 


.43 


Post 


.45 


.42 


.41 


.46 ' 


.52 


.44 


C-28 


Pre 


.52 


Pre 


.54 


.35 


.61 


.56 


.42 


.77 


Post 


.53 


Post 


.51 


.58 


.59 


.46 


.40 


.52 



Table C-17 Table C-18 

Statistics of the Test Items Related to Concept Evaluation of the Test Items Related to 
No . 6 When Administered to the Experimental Concept No. 6 

Group as Part of a Posttest 



. Item Criterion Number 
Item y Number - 1 2 3 4 5 6 7 8 
Number ^50 $ — - — ■ 



, ■ C-3 ■ * • *■ it if if 

C-3 • -1.55 1.25 C-6 * * * * * * * 

C-6 -0.93 1.53 C-10 * * * * * * * 

C-10 . -1.88 0.79 . C-13 * * * * * * 

C-13 +0.15 '1.51- C-28 * * * * * 

C-28 -0.03 » 0.96 ■ ' ; ■ ' ' ' . ■ ■ ' ■ '• 

" • ' - " - ■ ■' ' •• ; ' *Indicates criterion was satisfied. 



Table C-19 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 7 . 



Item 
Number 


Control 1 
All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


M-1 


Pre 


.21 


Pre 


.22 


.12 


.26 


19 




1 Q 




Post 


.29 


Post 


.70 


.77 


.50 


.65 


.80 


.76 


M-6 


Pre 


.92 


Pre 


.86 


.85 


.87 


.85 


.85 


.88 


Post 


.90 . 


Post 


.93 


.96 


.95 


.85 


.88 


1.00 


M-10 


Pre 


.93 


Pre 


.92 


.85 


1.00 


.89 


.88 


1.00 


Post 


.94 


Post 


.97 


.85 


i.od 


1.00 


1.00 


'l.OO 


M-1 2 


Pre 


.85 


Pre 


.84 


.77 


.76 


.89 


.81 


.92 


Post 


.85 


Post 


.94 


.81 


.91 


1.00 


1.00 


.96 


M-17 


Pre 


.90 


Pre 


.84 


.81 


.82 


.81 


.73 


1.00 


Post 


•84 


t'OSt 


.94 


.92 


.86 


.96 


.92 


1.00 



Table C-20 

Statistics of the Test Items Related to Concept 
No. 7 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 


^50 


3 


M-1 


-0.64 


1.49 


M-6 


-2.07 


0.99 


M-10 


-1.92 


3.61 


M-1 2 






M-17 


-2.08 


1.06 



Table C-21 
Evaluation of the Test Items Related to 
Concept No. 7 



Item 






Criterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


M-1 




•k 




* 




* 


it 


M-6 












* 


it 


M-10 
















M-12 










X 


X . 




M-17 

















* Indicates criterion was satisfied. 
X Indicates value was not calculated. 



Table C-22 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 8 



Item 
Number 


Control 

AH Grades 




All Grades 


2- 


3 


Experimental 

Grade Level 
4 


5 


6 


M-2 


Pre 


.75 




Pre 


.62 


.62 


. .52 


.78 


.73 


.46 


Post 


.73 




Post 


.48 


.31 


.27 


.46 


.48 


.84 


M-8 


Pre 


.80 




Pre 


.85 


.69 


.87 


.93 


.88 


.85 


Post 


.87 




Post 


.93 


.88 


.86 


1.00 


.92 


'.96 


M-1 3 


Pre 


.19 




Pre 


.25 


.35 


.17 


.26 


.08 


.38 




Post 


.23 




Post 


.62 


.65 


.55. 


.65 


;48 


.76 


M-19 


Pre 


.12 ■ 




Pre 


.16 


.19 


.26 


.04 


.15 


.19 


Post 


.13 




Post 


.45 . 


.62 


.32 


.31 


.56 


.44 


M-22 


Pre 


.89 




Pre 


.89 . 


i73 


.91 


.93 


.92 


.96 


Post 


.89 




Post 


.93 


.92 


.95 


.96 


.84 


.96 



Table C-23 

Statistics of the Test Items Related to Concept 
No. 8 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 




B 


M-2 


4-0.08 


1.02 


M.-8 


-2.14 


0.93 


M-13 


-0.41 


1.11 


M-19 


+0.16 


1.25 


M-22 


-1.98 


1.09 



Table C-24 

Evaluation of the Test Items Related to 
Concept No . 8 



Item 






Criterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


M-2 


* 








i * 


ic 


ic 


M-8 


* 


i 


it 


ic 




ic 


ic 


M-13 


* 




ic 


ic 


ic 


ic 


ic 


M-19 


* 




ic 


ic 


* 


ic 


ic 


M-22 


* 


ic 


ic 


* 


* 


ic 


ic 



^Indicates criterion was satisfied. 



Table C-25 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 9 



Control 



Item 
Number 



All Grades 



Expeiimentai 
Grade Level 



All Grades 


2 


3 


4 


5 


6 


Pre 


.27 


.19 


.39- 


.15 


.27 


.35 


Post 


.57 


.77 


.45 


.38 


. .52 


.72 


Pre 


.39 


.50 


.35 


.37 


.35 


.38 


Post 


.27 


.19 


,14 


.12 


.56 


.36 


Pre 


.80 


' .65' 


.83 


.81 


.81 


.88 


Post 


.91 


.85 


- .82 


.96 


.96 


.96 


Pre 


.07 


.04 


.04 


.04 


.08 


.15 


Post 


.25 


.23 


.18 


.12 


.40 


.32 


Pre 


.30 


.38 


.22 


.41 


.23 


.31 


Post 


.69 


.58 


.59 


.65 


.72 


.92 



M-4 

M-7 

M-15 

M-21 

M-24 



Pre 


-.27 


Post 


.15 


Pre 


.33 


Post 


.19 


Pre 


.80 


Pbst 


.83 


Pre 


.08 


Post 


.15 


Pr9 


.40 


Post 


.21 



Table C-26 

Statistics of the Test Items Related to Concept 
No. 9 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 



50 



M-4 

M-7 

M-15 

M-2i 

M-24 



-0.22 
+0.84 
-2.36 
+ 0.92 
-0.80 



1.49 
•1.03 
0.69 
1.07 

0.81; 



: Table C- 27 

Evaluation of the Test Items Related to 
Concept No . 9 



Item 






Criterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


M-4 - 










ic 


ic 


ic 


M-7 


* 






* 


* 


ic 


* 


M-15 






* 


* 






ic 


M-21 


* 




* 




* ■ 




ic 


M-24 


*' 




* 






ic 


* 



/^Indicates criterion was satisfied. 
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Table C-28 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 10 





Control 












Ctxperimentai 






item 














Grade Level 






Number 


All Grades . 


All Grades 


2 


0 


4 


5 


D 


M-5 


Pre 


.82 


Pre 


.80 


.73 


.70 


.78 


.88 


.88 


Post* 


.85 


Post 


.85 


.73 


.82 


.88 


.84 


1.00 


M-14 


Pre 


.56 


Pre 


.56 


.58 


.57 


.56 


.54 


.58 


Post 


.69 


Post 


.58 


.62 


.45 


.54 


.68 


.60 


M-16 


Pre 


.80 


Pre 


.71 


.54 


.83 


.52 


.85 


.85 


Post 


.86 


Post 


.90 


.81 


.86 


.92 


.96 


.96 


M-23 


Pre 


.78 


Pre 


.81 


.69 


.83 


.67 


.92 


. .96 


Post 


.84 


Post 


.90 


.73 


.86 


.92 1.00 


.96 


M-25 


Pre 


.75 


Pre 


.72 


.65 


.70 


.70 


.69 


.85 


Post 


.75 


Post 


.86 


; .85 


.73 


.85 


.96 


.92 



Table C-29 

Statistics of the Test Items Related to Concept 
No. 10 When Administered to the Experimental 



Table C-30 • 
Evaluation of the Test Items Related to 
Concept No. 10 





Group as Part of a Posttest 




Item 






Criterion Number 






Item 






Number. 


1 


2 


3 


4 5 


6 


7 


8 


Number 




6 


M-5 
























ie 


★ 




* 


ic 




M-5 


-1.17 


2.11 


M-14 




it 


★ 






ic 




M-14 


-0.26 


1.24 


M-16 




ic 








ic 




M-16 


-1.3'2 


; 6.59 


M-23 


* 


ic 








ic 




M-23 


-1 . 28 


' 5.05 


M-25 


* 


it 




* 


ic 


ic 


* 


M-25 


-1.70 


0.84 


















♦Indicates criterion was satisfied. 









Table C-31 ' 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 11 



Item 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


M-3 


Pre 


.40 


Pre 


.44 


.31 


.35' 


.63 


.58 


r3f 


Post 


.47 


, Post 


.56 


.46 


.82 


.58 


.48 


.52 


^ M-9 


Pre 


.68 


. Pre 


.73 


.62 


.70 


.70 


.65 


.96 


Post 


.69 


Post 


.85 


.92 


.82 


.69 


.92 


.92 


M-U 


Pre 


.56 


Pre 


.53 


.46 


.30 


.48 


.58 


.ai 


Post 


..61 


Post 


*.73 


.62 


.59 


.73 


.76 


.96 


M-18 


Pre 


.83 


. .Pre 


.74 


.69 


.70 


.67 


.73 


.92 


Post 


.88 


Post 


..94 


.88 


.86 


.92 


1.00 


1.00 


M-2p 


Pre. 


.51 


■ . ■ .. Pref • • 


.66 i 


.62 


.48 


.63 . 


.65 


.88- 


Post 


.60 


i>ost 


.77 ' 


.46 


.59 


.77 


1.00. 


1.00 
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Table C-32 



Table C-33 



Statistics of the Test Items Related to Concept 
No. 11 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 




e 


M-3 


-0.26 


0.83 


M-9 


-1.2a 


1 .46 


M-11 


-0.72 


1 . 79 


M-18 


-1.94 


1.26 


M-20 


-0.75 


4.14 



Evaluation of the Test Items Related to 
Concept No. 11 



Item 






Qriterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


M-3 


* 


* 


* 


* 


* 


* 


* 


M-9 


* 


* 


* 


* 


* 


* 


* 


M-11 


* 


* 


* 


* 


* 


* 


* 


M-18 


* 


* 


* 


* 


* 


* 


* 


M-20' 


* 


* 


* 


* 


* 


* 


* 



'''Indicates criterion was satisfied. 



Table C-34 



Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 12 



. Control 



Item 
Number 



All Grades 



Experimental 
Grade Level 



All Grades 


2 


3 


4 


5 


6 


Pre 


.50 


.31 


.52 


.48 


.38 


.81 


Post 


.90 


.92 


.82 


.88 


.92 


.96 


Pre 


.88 


.77 


.78 


.93 


.88 


1.00 


Post 


.98 


"1.00 


.86 


i.op 


1.00 


1.00 


Pre 


.82 


.69 


.70 . 


.89 


* .85 


.96 


Post 


.90 


.88 


.77 


.92 


.96 


.92 


Pre 


.76 


.77 


.61 


.81 


.77^ 


.81 


Post 


.58 


.38 


.45 


.69 


.72 


.64 


Pre 


.88 


.81 


.83 


.85 


.92 


.96 


Post 


.86 


.85 


.73 


.88 


.9.2 


.92 



S-1 

S-6 

S-10 

S-20 

S-22 



Pre 


.53 


Post 


.79 


Pre 


.90 


Post 


.92 


Pre 


.80 


Post 


.75 


Pre 


.66 


Post 


.60 


Pre 


.79 


Post 


.73 



Table C-35 

Statistics of the Test Items Related to Concept 
No. 12 When Administered to the Experimental 
Group as Part of a Posttest 

Item 

Number 50 6 



S-1 

S-6 

S-10 

S-:2.0 

S-22 



•1.61 



-0.26 



1.37 



i:.23. 



Table C-36 

Evaluation of the Test Items Related to 
Concept No. 1 2 



Item' 
Number 



S-1 
S-6 
S-10 
S-20 
.S-22 



Criterion Number 
2 3 4 5 6 



it 
if 



* * 

X X 

X X 

if if 

X X 



* Indicates criterion was satisfied. 
X Indicates value was not calculated. 
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Table C-3\ 

Proportions of the Control and Experirrfental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 13 





Control 












Experimental 






Item 
Number 


All Grades 


All Grades 


2 


3 


Grade Level 
4 


5 


6 


S-5 


Pre 
* Post 


.23. 
.23 


Pre 
Post 


.20 
.27 


.23 
.50 


.30 
.18 


.11 
.19 


.12 
.20 


.23 
.28 


S-8 


Pre 
Post 


.42 
.53 


Pre 
Post 


.59 
.80 


.42 
.85 


.61 
.77 


.48 
.77 


.65 
.88 


.77 
.72 


S-12 


Pre 
Post 


.56 
.56 


Pre 
Post 


.40 
.60 


.50 
.46 


.48 
.50 


\33 
.58 


.27 
.56 


.42 
.92 


S-19 


Pre 
Post 


.6.7 
.63 


Pre 
Post 


.56 
.56 


.42 
.50 


.61 
.45 


.52 
.54 


.58 
.52 


.69 
.76 


S-23 


Pre 
Post 


.60 
.60 


Pre 
Post 


.55 
.72 


.54 
.62 


.39 

.65 


.44 
.77 


.54 
.84 


.81 
.72 



Table C-38 

Statistics of the Test Items Related to Concept 
No. 13 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 




B 


S-5 


+1.46 


0.45 


S-8 


-1.17 


1.02 


S-12 


-0.37 


1.04 


S-19 


-0.18 1 


1.27 


• S-23 


-0.89 


0.85 



Table C-39 
Evaluation of the Test Items Related to 
Concept No. 13 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 6 


7 


8 


S-5 


* 




ft 


★ ★ 






S-8 






ft 


★ ★ 


★ 




S-12 






it 


★ * 






S-19 








★ * 






S-23 








★ * 







'^'Indicates criterion was satisfied. 



Table C-40 

Proportions of the CcMitrol and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 14 





Control 












Experimental 






Item 
Number 


All Grades 


All Grades 


2 


3 


Grade Level 


5 


6 


S-2 


Pre 
Post 


.44 

.38 


Pre . 
Post 


.48 
.65 


.42 
.69 


.48 
.73 


.37 
.62 


.42 
.52 


.69 
.72 


S-9 


Pre 
Post 


.15 
.23 


Pre 
Post 


.15 
.47 


.12 
.42 


.13 
.32 


.07 
.54 


.19 
.52 


.23 
.52 


S-14 


Pre 
Post 


.20 
.30 


Pre 
Post 


.31 
.67. 


.23 
.69 


.48 
.45 


.22 
.62 


.27 
.76 


.38 
.80 


S-17 


Pre 
Post 


.63 
.54 


Pre 
Post " 


.56 
\.66 


.54 
.62 


♦ 61 
.55 


.63 
.77 


.42 
.64 


.62 
.72 


S-25 


Pre 
Post 


.34 
.32 


Pre • 
Post 


i43 
• .50 : 


.54 
. .46 


.39 
.32 


.30 
.46 


.42 
.52 


.50 
.72 



Table C-41 



Table C-42 



Statistics of the Test Items Related to Concept 
No. 14 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 




6 


S-2 


-0.72 


0.66 


S-9 


+0.10 


1.57 


S-14 


-0.74 


0.74 


S-17 


-0.54 


1.37 


S-25 


+0.00 


1.48 



Evaluation of the Test Items Related to 
Concept No. 14 



Item 






Criterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


S-2 


ic 


ic 


ic 


ic 


ic 


ic 


ic 


S-9 


ic 




ic 


ic 


ic 


ic 


* 


S-14 


ic 


ic 


ic 


* 


ic 


ic 


ic 


S-17 


ic 


ic 


ic 


ic 


ic 


ic 


ic 


S-25 


ic 




ic 


ic 


ic 


ic 


ic 



^Indicates criterion was satisfied. 



Table C-43 



Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 15 



Item 
Number 


Control 

All Grades 




All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


S-3 


Pre 


.77 




. Pre 


.84 . 


.81 


.87 


.93 


.77 


.85 




Post 


.76 




Post 


.84 


.77 


.86 


.81 


.84 


.92 


S-7 


Pre 


.26 




Pre 


.38 


.27 


.30 


.22 


.46 


.65 




Post 


.37 




Post 


.90 


. .92 


.86 


.92 


.84 


.96 


S-13 


Pre 


.75 




Pre 


.70 


.69 


.61 


.74 r 


.69 


.73 


Post 


.85 




Post 


.80 


.77 


.64 


.85 


.88 


.84 


S-15 


Pre 


.39 




Pre 


.44 


.35 


.52 


.41 


.43- 


.50 


Post 


.35 




Post 


.48 


.38 


.23 


.73 


.52 


.48 


S-18 


Pre 


.78 




Pre 


.81 


.77 


.70 


.93 


.88 


.77 


Post 


.84 




Post 


.89 


.77 


.82 


.96 


.92 


.96 



Table C-44 

Statistics of the Test Items Related to Concept 
No. 15 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 


^50 


e 


S-3 


-1.35 • 


1.08 


S-7 


-1.73 


1.14 


S-13 


-1.09 


1.20 


S-15 


+0.09 


•.IvOl 


S-18 


-1.32 


2,34- 



Table C-45 

Evaluation of the Test Items Related to 
Concept No. 15 



Item 






Criterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


S-3 


it 


it 




it 


it 


it 


it 


S-7 


it 


it 


it 


* 


* 


it 


it 


S-13 


it 


it 


it 




it 


it 


it 


S-15 


it 




it 


* 


it 


it 


it 


S-18' 


it 


it 


it 


it 


it 


it 


it 



♦Indicates criterion was satisfied. 
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Table C-46 

Proportions of the Control and Experimental Groups .Choosing 
the Accepted Responses to the Test Items Related to Concept No. 16 



Item 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimental 
4 


5 


6 


S-4 


Pre 


.72 ' 


Pre 


.67 


.69 


.87 


.59 


.69 


.54 




Post 


.69 


Post 


.42 


.19 


.59 


.31 


.72 


.32 


S-U 


Pre 


.65 


Pre 


.57 


.31 


.48 


.48 


.73 


.85 


Post 


.63 


Post 


.81 


.88 


.82 


.77 


.76 


.80 


S-16 


Pre 


.73 


Pre 


.70 


.54 


.70 


.85 


.65 


.73 


Post 


.76 


Post 


.84 


.77 


.86 


.85 ^ 


.88 


.84 


S-21 


Pre 


.48 


Pre 


.59 


.42 


.65 


.56 


.65 


.69 


Post 


.57 


Post 


.57 


.42 


.55 


.69 


.60 


.60 


S-24 


Pre 


.60 


Pre 


.59 


.58 


.43 


.67 


.62 


.65 


Post 


.56 


Post 


.80 


.88 


.68 


.85 


.76 


.80 



Table C-47 

Statistics of the Test Items Related to Concept 
No. 16 When Administered to the Experimental 
Group as Part of a Posttest 

Item T 



Number :> 50 B 



S-4 


+0.33 


0.78 


S-11 


-1.32 


0.86 


S-16 


-1.53 


0.85 


S-21 


-0.26 


0.99 


S-24 


-1.23 


0.92 



Table C-48 
Evaluation of the Test Items Related to 
Concept No. 16 



Item 






Criterion Number 




Number 


1 


2 


3 


4 5 


6 


7 


S-4 












* 


S-11 






* 


* 






S-16 






* • 




* 


* 


S-21 




* 








* 


S-24 








* 


* 


* 



^Indicates criterion was satisfied. 



Table C-49 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 17 



It^m 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimaital 

Grade Level 
4 


5 


6 


U-3 


Pre 


.51 


Pre 


.59 


.62 


.52 


.56 


.62 


.62 


Post 


.57 


Post 


.81 


.88 


.73 


.85 


.76 


.80 


U-5 


Pre 


.73 


Pre 


.70 


.62 


.70 


.78 


.73 


.65 


Post 


.73 


Post 


.86 


.85 


.86 


.96 


.76 


.88 


U-13 


Pre 


.56 


Pre 


.55 


.50 


•V 


.52 


.62 


.69 


Post 


.52 


Post 


.67 


.85 


.73 


.31 


.72 


.76 


. U-19 


Pre 


.50 


Pre 


.48 


.62 


.30 


.44 


.38 


.62 


Post 


.53. 


Post 


.63 


.73 


.59 


.62 


.72 


.80 


U-24 


Pre 


.52 


Pre 


-.59 • 


.38 


.78 


.56 


.46 


.77 


Post 


.52 


Post 


.65 


• .77 


.55 


.50 


.64 


.80 



Table C-50 

Statistics of the Test Items Related to Concept 
No. 17 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 


^50 


e 


U-3 


-1.52 


0.69 


U-5 


-2.10 


0.61 


U-I3 


-0.54 


1.36 


U-19 


-0.66 


1.20 


U-24 


-0.55 


1.04 



Table C-5I 

Evaluation of the Test Items Related to 
Concept No. 17 



Item 






Qriterion Number 






Number 


I 


2 


3 


4 


5 6 


7 


8 


U-3 


* 


* 


* 


* 








U-5 


* 


* 


* 


* 








U-13 


* 


* 


* 


* 


* 






U-19 


* 


* 


* 


* 


* 


* 




U-24 


* 


* 


* 


* 


* 







^Indicates criterion was satisfied. 



TableC-5 2 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 18 



Item 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


U-4 


Pre 


.54 


Pre 


.53 


.46 


.57 


.44 


.69 


.50 


Post 


.56 


Post 


.66 


.62 


.68 


.50 


.80 


.72 


U-8 


Pre 


.71 


Pre 


.61 


.46 


.57 


.74 


.58 


.69 


Post 


.61 


Post 


.75 


.46 


.82 


.73 


.88 


.88 


U-10^ 


Pre 


.89 


Pre 


.82 


.69 . 


.91 


.89 


.69 


.92 


Post 


.82 


Post 


.86 


.85 


.82 


.88 


.92 


-.84 


U-21 


Pre 


.52 


Pre 


.47 


.50 


.39 


.44 


.42 


.58 


Post 


.58 


Post 


.64 


.69 


.50 


.62 


.72 


.64 


U-23 


Pre 


.45 


Pre 


.51 


.46 


.52 


.56 


.35 


.65 


Post 


.40 


Post 


.41 


.35 


.09 


.35 


.60 


.64 



Table C-53 

Statistics of the Test Items Related to Concept 
No. 18 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 


^50 


6 


U-4 


-0.52 


1.35 


U-8 


-0.88 


1.19 


U-10 


-2.15 


0.59 


U-21 ^ ' 


-^0.49 


1.01 


U-23 


+0.33 


0.95 
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Table C-54 

Evaluation of the Test Items Related to 
Concept No. 18 



Item 






Criterion Number 






Number 


1 


2 


3 


4 


5 6 


7 


8 


U-4 








* 








U-8 








* 








U-10 


* 






* 








U-21 




•k 


* 


ic 






* 


U-23 








. *' 






* 



' *Indicates criterion was satisfied. 
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Table C-55 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 19- 





Control 












Experimental 






TtAm 

Number 


All Grades . 


All Grades 


2 


3 


Grade Level 
4 


5 


6 


U-2 [ 


Pre 
Post 


.25 
.47 


Pre 
Post 


.36 
.55 


.62 
.77 


.17 
.50 


.37 
.42 


.31 
.60 


.31 
.44 


V-12 


Pre 
Post 


.31 
.46 


Pre 
Post 


.34 
.66 


.23 
.62 


.22 
.68 


.33 
.69 


.50 
.64 


.38 
.68 


U-14 


Pre 
Post 


.25 
.37 


Pre 
Post 


.37 
•56 


.23 
• .62 


.43 
.27 


.37 
.58 


.27 
.56 


.54 
.72 


U-16 


Pre 
fost 


.33 
.45 


Pre 
Post 


.35 
.42 


.38 
. .23 


.30 
.41 


.41 
.54 


.27 
.44 


.38 
.48 


U-18 


Pre 
Post 


.37 
.54 


Pre 
Post 


.48 
.56 


.35 
.54 


.48 
.41 


, .56 
.65 


.50 
.64 


.50 
.52 



Table C-56 

Statistics of the Test Items Related to Concept 
No. 19 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 


^50 


e 


U-2 


-0.18 


0.93 


U-12 


-0.71 


0.72 


U-14 


-0 . 24 


0.75 


U-16 


+ 0.31 


0.86 


U-18 


-0.24 


0.72 



Table C-57 
Evaluation of the Test Items Related to 
Concept No. 19 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 6 


7 


8 


U-2 


•k 


4r 


* 


it it 


ic 




U-12 


it 


ic 


* 


it it 


it 


* 


U-14 


it 


ic 


it 


it it 


it 


* 


U-16 


it 




it 


it 


it 


* 


U-18 




ic 


it 


it it 


it 


it 



"^Indicates criterion was satisfied. 



Table C-58 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 20 





Control 












Experimental 






Item 
Number 


All Grades 


All Grades 


2 


3 


Grade Level 
4 


5 


6 


U-1 


Pre 
Post 


.44 
.75 


Pre 
Post 


.43 • 
.81 


.50 
.92 


.43 
.86 


,33 
.69 


.42 
.76 


.46 
.84 


U-6 


Pro 
Post 


.82 
.83 


Pre 
Post 


.82 
.90 


.88 
.92 


.87 
.82 


.74 
.81 


.73 
.92 


.88 
1.00 


U-9 


Pre 
Post 


.69 
.88 


Pre 
Post 


.70 
.89 


.69 
' .73 


.57 
1.00 


.70 
.81 


.73 
.96 


.81 
.96 


U-1 5 


Pre 
Post 


.52 
.44 


Pre 
Post 


.45 
.6S 


.50 
.65 


.39 
.59 


.33 
.50 


.42 
.72 


.62 
.80 


U-20 


Pre 
Post 


.56 
.59 


Pre 
Post 


.58 ;. 

.75 


.46 
.62 


.61 
.82 


.52 
.77 


.58 
.72 


.73 
.84 



Table C-59 



Table C-60 



Statistics of the Test Items Related to Concept 
No. 20 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 


^50 


e 


U-1 ' 


-1.00 


2.06 


U-6 


-1.40 


2.01 


U-9 


-1.43 


1.61 


U-15 


-0.49 


1.35 


U-20 


-0.80 


1.58 



Evaluation of the Test Items Related to 
Concept No. 20 



Item 






Criterion Number 






Number 


1 


2 


.3 


4 5 


6 


7 


8 


U-1 


* 


* 


* 


* 


* 


* 


it 


U-6 


* 


* 


* 


* 


it 


it 


it 


U-9 


* 


* 


* 


* 


* 


it 


it 


U-15 




* 


* 


* 


* 


it 


it 


U-20 


* 


* 


ic 


* 


* 


it 


it 



♦Indicates criterion was satisfied. 



Table C-61 



Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 21 



Item 
Number 


Control 

All Grades 


All Grades 


2 


3 


Experimental 

Grade Level 
4 


5 


6 


U-7 


Pre 


.79 


Pre 


.77 


.66 


.78 


.93 


.69 


.81 


Post 


.89 


. - ?,osi 


.92 


.88 


.91 


.88 


.92 


.1.00 


tr-u 


Pre- 


.81 


. Pre 


.78 


.50 


.83 


.70 


.92 


.96 


Post 


.81 


Post 


.91 


.85 • 


.91 


.92 


.88 


1.00 


U-17 


Pre 


.40 


Pre 


.39 


• .27 


.30 


.37 


.38 


.62 


Post 


.54 


Post 


.69 


.69 


.77 


.65 


.56 


.80 


U-22 


Pre 


.15 


Pre 


.30 


.23 


.17 


.41 


.23 


.42 


* Post 


.22 


Post 


.47 


.50 


.23 


.46 


.44 


.68 


U-25 


Pre 


.61 


Pre 


.66 


.65 


.52 


.70 


.73 


.69 


Post 


.85 


Post 


.85 


.77 


.91 


.92 


.76 


.88 



Table C-62 

Statistics of the Test Items Related to Concept 
No. 21 When Administered to the Experimental 
Group as Part of a Posttest 



Item 






Number 


ho . 


. e 


U-7 


-1.58 


1.94 


U-11 


-24 32 


0.72 


U-17 


• -0.60 


l,.59. 


U-22 


+0.10 


• r.40 


U-25. 


-1.22 


. 1.54 
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Table C-63 

Evaluation of the Test Items Related to 
' Concept No . 21 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 


6 


7 


8 


U-7 




it 






it 


it 




U-11 




it 


ic 


* 




it 




U-17 


• * 


it 


ic 




* 


it 


it 


U-22 


ie 




it 


* 




it 


ic 


U-25 


it 


it 


* 






ic 


it 



♦Indicates criterion was satisfied. 



Table C-64 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 22 



Item 
Number 


Control 

All Grades 


All Grades 




•J 
o 


LxperiYneniai 
Grade Level 

A 


c 
0 


0 


X-2 


Pre 


.68 


Pre 


.63 


.50 


.65 


.63 


.69 


.69 




Post 


.77 


Post 


.82 


.81 


.82 


.85 


.80 


.84 


X-6 


Pre 


.43 


Pre 


.38 


.46 


.52 


.33 


.27 


.35 




Post 


.40 


Post 


.56 


.65 


.64 


.38 


.64 


.52 


X-12 


Pre 


.75 


Pre 


.83 


.88 


.70 


.74 


.88 


.92 


Post 


.90 


Post 


.88 


.96 


.73 


.85 


.96 


.88 


X-17 


Pre 


.79 


Pre 


• 80 


.69 


.74 


.81 


.88 


.88 


Post 


.83 


• Post 


.79 


.81 


• 66 


.81 


.88 


.76 


X-19 


Pre 


.44 


Pre 


.45 


.50 


.52 


.41 


.50 


.35 


Post 


.48 


Post 


.55 


.58 


.55 


.50 


.56 


.56 



Table C-65 

Statistics of the Test Items Related to Concept 
No. 22 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 



X-2 

X-6 

X-12 

X-17 

X-19 



50 



-1.18 
-0.21 
-1.45 
-0.95 
-0.15 



6 



1.25 
1.27 
1.38 
1.62 
1.27 



Table C-66 
Evaluation of the Test Items Related to 
Concept No. 22 



Item 
Number 



X-2 

X-6 

X-12 

X-17 

X-19 



Criterion Number 
2 3 4 S 6 7 



* . ★ ★ ★ 

* * ★ * 

* * * 

* * * * 



* * ★ 

* * ★ 

* * * 

* * * 

* * * 



♦Indicates criterion was satisfied. 



Table C-67 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 23 





Control 












Experimental 






Item 














Grade Level 






Number 


All Grades 


All Grades 


2 


3 


4 


5 


6 


X-1 


Pre 


.76 


Pre 


.81 


.73 


.83 


.85 


.77 


.88. 


Post 


.84 


Post 


.81 


.92 


.59 


.88 


.80 


.80 


X-7 


Pre 


.71 


Pre 


.80 


.69 


.83 


.74 


.81 


.92 




Post 


.71 


Post 


.75 ^ 


.69 


.64 


.85 


.76 


.80 


X-9 


Pre 


.60 


Pre 


.55 


.54 


.65 


• .59 


.50 


.50 




Post 


.66 


Post 


.57 


.62 


.73 


.46 


.56 


.52 


X-1 4 


Pre 


.38 


Pre 


.38 


.35 


.39 


.37 


.31 


.46 


Post 


.47 


• Post 


.41 


.58 


.55 


.35 


.24 


.36 


X-1 8 


Pre 


.83 


Pre 


.85 


.85 


.78 


.89 


.85 


.88 


Post 


.83 


• Post 


.90 


.81 


.91 


.96 


.96 


.88 
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Table C-68 



Table C-69 



Statistics of the Test Items Related to Concept 
No . 23 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 



X-1 
X-7 
X-9 
X-1 4 
X-1 8 



50 



-1.17 
-1.41 
-0.29 
+0.42 
-1.81 



1.10 
0.55 
0.80 
0.64 

1.03 



Evaluation of the Test Items Related to 
Concept No. 23 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 6 


7 


8 


X-1 


* 


* 






* 




X-7 


* 


* 




* * ' 


* 


* 


X-9 


* 


* 


* 


* 


* 


* 


X-14 






* 


* 




* 


X-18 


* 


* 


* 


* * 




* 



"^Indicates criterion was satisfied. 



Table C-70 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 24 



Control 



Item 
Numbei 



All Grades 



Experimental 
Grade Level 



All Grades 


2 


3 


4 


5 


6 


Pre 


.84 


.73 


.87 


.78 


.92 


.88 


Post 


.79 


.65 


.91 


.88 


.84 


.68 


Pre 


.57 


.54 


.65 


.70 


.38 


.58 


Post 


.66 


.54 


' ,.68 


.69 


.64 


.76 


Pre 


.58 


.65 


.48 


.48 


.73 


.54 


Post 


.70 


.85 


.59 


.62 


.76 


.68 


Pre 


.72 


.73 


.61 


.81 • 


.69 


.73 


Post 


.81 


.58 


.82 


.81 


.92 


.92 


Pre 


.60 


.46 


.57 


.52 


.62 


.85 


Post 


.74 


.77 


.59 


.65 


.80 


.88 



X-4 
X-8 
X-U 
X-1 6 
X-20 



Pre 


.80 


Post 


.77 


Pre 


.47 


Post 


.47 


Pre 


.50 


Post 


.60 


Pre 


.63 


Post 


.71 


Pre 


.S6 


Post 


.67 



Table C-71 

Statistics of the Test Items Related to Concept 
No. 24 When Administered to the Experimental 
Group as Part of a Posttest 

Item y 
Number 50 3 



X-4 
.X-8 
X-11 
X-16 
X-20 



-1.07 
-0.54 
-0.68 
-1.01 
-1.13 



1.15 
1.18 
1.23 
1.65 
0.70 



Table C-72 

Evaluation of the Test Items Related to 
Concept No . 24 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 6 


7 


8 


X-4 








* * 


* 




X-8 








* * 




* 


X-11 








n * 




* 


X-16 








•k * 




•k 


X-20 








•k * 




* 



*Indicates criterion was satisfied. 
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Table C-73 

Proportions of the Control and Experimental Groups Choosing 
the Accepted Responses to the Test Items Related to Concept No. 25 





Control 












Experimental 






Item 
Number 


All Grades 


All Grades 


2 


3 


Grade Level 
4 


5 


6 


X-3 


Pre 
Post 


.63 
.72 


Pre 
Post 


.72 
.70 


.54 
.73 


.74 
.77 


.81 
.58 


.81 
.68 


.69 
.76 


X-5 


Pre 
Post 


.53 
.52 


Pre 
Post 


.59 
.76 


.38 
.81 


.65 
.82 


.59 
.58 


.62 
.72 


.73 
.88 


X-10 


Pre 
Post 


.42 
.59 


Pre 
Post 


.59 
.72 


.27 
.65 


.65 
.68 


.78 
.65 


.62 
.80 


.62 
.80 


X-13 


Pre 
Post 


.55 
.53 


Pre 
Post 


.52 
.77 


.46 
.77 


.48 
.82 


.67 
.88 


.46 
.64 


.54 
.72 


X-15 


Pre 
Post 


.60 
.52 


Pre 
Post 


.51 

.61 


.58 
.62 


.57 
.68 


.44 
.54 


.58 
.60 


.38 
.64 




Table C-74 








Table C-75 







Statistics of the Test Items Related to Concept 
No. 25 When Administered to the Experimental 
Group as Part of a Posttest 



Item 
Number 



X-3 
X-5 

X-13 
X-15 



50 



-0.61 
-0.93 
-0.77 
-1.02 
-0.53 



1.73 
1.14 
1.13 
1.01 
0.65 



Evaluation of the Test Items Related to 
Concept No. 25 



Item 






Criterion Number 






Number 


1 


2 


3 


4 5 


6 


7 


8 


X-3 


* 








* 


* 


* 


X-5 


* 






* 


* 


* 


* 


X-10 


★ 




* 


* 


* 


* 




X-13 






* 


* 


* 


* 


* 


X-15 


4r 






* 




* 


* 



I 

n 

■i 

it. 

'I 

,3 



I 



♦Indicates criterion was satisfied. 
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Appendix D 



i 



Tables D-1— D-25 and Figures D-1— D-25: Group 
Mean Test Scores by Grade for Concepts 1-25 



I 
ft- 



I 
I 



i 



I 



0 

ERIC 



-52 



Table D-1 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 1 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
£ 


1.36 
K44 


1.18 
1.08 


1.70 1.83 
1.18 2.25 


1.93 
2.00 


2.28 


Post 


C 
£ 


1.30 
3.77 


1.33 
2.68 


1.85 2.61 
2.27 3.64 


2.79 
3.32 


4.96 



AT = Academically Talented 



4 • 



s 

s 



3 • 



2 . 



1 . 



Contfol 
Cxpertmentdl 



Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
2 3 4 S 6 6-AT 

Grade 



Fig. D-2. Graph of Table D- 2. 



1 - 



Control 
Dcperlmental 



Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
2 3 4 5 6 6-AT 

Grade 



Fig. D-1. Graph of Table D-1 . 



Table D-3 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 3 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
£ 


2.96 
3.07 


2.70 
3.17 


3.33 3.07 
3.22 3.03 


3.21 
3.11 


3.08 


Post 


C 
£ 


3.39 
4.11 


3.58 
3.77 


3.48 3.54 
3.50 3.68 


3.12 
3.80 


4.44 



AT = Academically Talented 



Table D-2 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 2 











Grade 










2 


3 


.45 


6 


6-AT 


Pre 


C 
£ 


2.04 
2.55 


2.07 
2.62 


2.59 2.34 
2.37 2.93 


2.14 
2.70 


2.32 


Post 


C 
£ 


2.56 
3.58 


2.75 
2.77 


2.55 2.69 
2.46 3.24 


2.67. 
3.36 


4.60 



AT = Academically Talented 



s - 



Control 
experimental 



Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 



6-AT 



Grade 



Fig. D-3. Graph of Table D-3. 
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Table D-A 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 4 











Grade 










2 


3 


4 5 


6 


6-'AT 


Pre 


C 
£ 


3^36 
3.89 


3.55 
3.75 


3.89 3.62 
4.04 3.78 


3.75 
3.70 


3.76 


Post 


C 
£ 


3.22 
4.04 


3.62 
3.91 


3.92 3.77 
4.08 4.24 


4.25 
4.20 


4.80' 



AT = Academically Talented 



Control 
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Fig. D-5.^ Graph of Table D-5 , 
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Fig. D-4. Graph of Table D-4. 



Table D-6 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 6 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
£ 


2.80 
2.81 


2.59 
3.08 


2.81 2.65 
3.22 2.46 


3.35 
3.48 


2.84 


Post 


C 
£ 


3.35 
3.38 


3.08 
3.41 


3.18 3.11 
.3.50 3.56 


3.42 
3.68 


4.36 



AT = Academically Talented 



■ ■ o 
ERIC 



Table D-5 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 5 











Grade 










2 


3 


4 5 


6 


6-.AT 


Pre 


C 
£ 


3.04 
3.33 


3.04 
3.17 


3.52 3.14 
3.78 3.50 


3.68 
3.81 


3.68 


Post 


C 
£ 


2.83 
3.42 


3.12 
3.09 


2.81 3.08 
3.58 4.24 


3.96 
4.28 


4.56* 



Control 
— Experimental 



AT ~ Academicallv Talented 



Pre Pott Pre Pott Pre Pott Pre^tt Pre Pott Pre Pbtt* 
2 3 4 5 6 6.AT 

Grade 
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Table D-7 

' Control and Experimental Group Mean Test 
Scores by Grade - Concept 7 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
E 


3.72 
3.41 


3.59 
3.75 


3.92 3.86 
3.63 3.68 


4.03 
3.85 


4.28 


Post 


C 
E 


3.83 
4.31 


3.37 
4.23 


4.18 3.88 
4.46 4.60 


3.83 
4.72 


5.00 



AT = Academically Talented 
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Fig. D-8. Graph of Table D-8. 
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Table D-9 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 9 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
E 


2.00 
1.78 


1.37 
1.7S 


1.89 2.07 
1.78 1.75 


2.03 
2.11 


2.24 


Post 


C 
E 


1.52 
2.61 


1.12 
2.18 


1.63 1.69 
2.23 3.16 


1.67 
3.28 


3.60 
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Table D-8 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 8 









Grade 








2 


3 


4 5 ' 


6 


6-AT 




2.36 
2.63 


2.78 
2.67 


3.07 2.79 
2.92 2.82 


2.68 
2.85 


3.60 




2.43 
3.38 


2.75 
2.95 


3.15 2.96 
3.38 3. 28 


2.87 
3.96 


4.68 



AT = Academically Talented 
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Fig. D-9. Graph of Table D-9. 



Table D-10 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 10 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
E 


3.32 
3.22 


3.30 
3.58 


3.96 3.76 
3.22 3.96 


4.11 
4.15 


3.80 


Post 


C 
E 


3.69 
3.73 


4.08 
3.73 


3.81 4.00 
4.11 4.44 


4.33 
4.44 


4.68 



AT s Academically Talented 
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Fig. D-U. Graph of Table D-U. 
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Table D-1 2 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 12 









Grade 








2 


3 


4 5 


6 


6-AT 


- % 


3.20 
3.33 


3.74 
3.42 


3.70 4.03 
3.96 3.82 


3.78 
4.48 


4.36 


P05. I 


3.43 
4.04 


3.58 
3.64 


4.03 3.65 
4.38 4.52 


4.17 
4.44 


4.64 



rig. D-10. Graph of Table D-10. 
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Table D-U . 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 11 











Grade 










2 


3 


.4 5 . 


6 


6-AT 


Pre 


C 
E 


2.72 
2.70 


2.55 
2.54 


2.89 3.14 
3.11 3.18 


3.78 
3.89 


4.04 


Post 


C 
E 


2.74 
3.35 


2.75 
3.68 


3.22 3.38 
3.69 4.16 


4.12 
4.40 


4.80 
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Fig. D-1 2. Graph of Table D-1 2. 



Table D-13 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 13 











Grade 










2 


3 


4 5 


6 


6 -AT 


Pre 


C . 
E 


2«84 
2.15 


2.18 
2.37 


2.15 2.41 
1.89 2.18 


2.78 
2.89 


2.68 


Post 


C 
E 


2.43 
2.9? 


2.46 
2.54 


2.96 2.04 
2.85 3.00 


2.87 
3.40 


3.88 
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Fig, D-14. Graph of Table D-14. 
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Fig. D-13. Graph of Table D-13, 



Table D-15 



Control and Experimental Group Mean Test 
Scores by Grade - Concept 15 





2 


3 


Grade 
4 5 


6 


6-AT 


Pre 


C 
E 


2.52 
2.92 


2.96 
2.96 


2.89 3.07 
3.22 3.18 


3.32 
3.48 


3.80 


Post 


C 
E 


2.87 
3.61 


2.54 
3.41 


3.18 3.46 
4.27 4.00 


3.79 
4.16 


4.52 
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Table D-14 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 14 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
E 


1.76 
1.89 


1.59 
2.08 


1.81 1.62 
1.59 1.78 


2.14 
2.37 


2.56 


Post 


C 
E 


1.83 
2.88 


1.67 
2.36 


1.55 1.69 
3.00 2.96 


1.62 
3.48 


4.80 
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Fig. D-15. Graph of Table D-15. 
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Table D-1 6 

•Control and Experimental Group Mean Test 
Scores by Grade - Concept 16 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
£ 


3.08 
2.59 


3.07 
3.12 


3.33 3.10 
3.15 3.46 


3.07 
3.48 


3.88 


Post 


C 
£ 


2.96 
3.15 


2.92 
3.50 


3.63 3.23 
3.46 3.72 


3.25 
3.36 


4.08 
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Fig. D-17. Graph of Table D-17. 
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Fig. D-1 6. Graph of Table D-1 6. 



Table D-1 8 



Control and Experimental Group Mean Test 
Scores by Grade - Concept 18 . 











Grade 










2 


3 


4 5 


6 . 


6-AT 


Pre 


C 
E 


2.48 
2.52 


3.04 
2.96 


3.26 3.31 
3.07 2.78 


3.18 
3.33 


4.00 


Post 


C 
E 


2.78 
2.96 


2.42 
2.91 


3.04 3. 23 
3.08 3.92 


3.42 
3.72 


4.40 
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Table D-17 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 17 











Grade 










2 


3 


4 5 . 


6 


6-AT 


Pre 


C 
£ 


2.96' 
2.70 


3.30 
2.79 


3.00 2.34 
2.85 2.86 


2.28 
3.33 


3.48 


Post 


C 
£ 


2.83 
4.08 


2.75 
3.45 


3.18 2.81 
.3.23 3.60 


2.79 
4.40 


4.72 
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Fig. D-1 8. Graph of Table D-1 8. 



Table D-19 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 19 



Pre 



Post 



C 
E 



Grade 
4 5 



6-AT 



1.60 1.04 1.52 1.79 1.86 

1.81 1.54 2.04 1.82 2.04 3.28 



2.00 1.92 
2.77 2.27 



2.41 
2.88 



2.61 
2.88 



2.46 

2.84 4.76 
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Fig. D-20. Graph of Table D-20, 
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Fig . D-19 . Graph of Table D-19 . 



Table D-21 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 21 





2 


3 


Group 
4 5 


6 


6-AT 


Pre 


C 
E 


2.40 
2.22 


2.67 
2.58 


2.74 2.86 
3.11 2.96 


2.93 
3.44 


3.72 


Post 


C 
E 


3.30 
3.69 


3.21 
3.73 


2.96 3.42 
3.85 3.56 


3.71 
4.36 


4.76 



AT = Academically Talented 



Table D-20 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 20 



Pre 



Post 



C 
E 

C 
E 



. Grade 
4 5 



6-AT 



2.56 3.11 
3.07 2.83 



3.09 
3.85 



3.00 
4.09 



2.89 3.45 3.03 

2.63 2.78 3.48 3.76 

3.41 3.88 3.87 

3.58 4.08 4.44 4.88 
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Fig. D-21 . Graph of Table D-21 . 
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Table D-22 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 22 



Pre 



Post 



C 
E 



Grade 
A 5 



6-AT 



2.32 3.00 3.22 3.44 3.11 

2.96 3.12 2.92 3.25 3.22 4.08 

3.13 3.00 3.37 3.77 3.58 

3.81 3.41 3.38 3.84 3.56 4.28 
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Fig. D-23. Graph of Table D-23. 
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Fig. D-22. Graph of table D-22. 



Table D-24 



Control and Experimental Group Mean Test 
Scores by Grade - Concept 24 





2 


3 


Grade 
4 5 


6 


6-AT 


Pre 


C 
E 


2.72 
3.07 


3.30 
3.21 


2.67 2.86 
3.30 3.36 


3.11 
3.55 


3.92 


Post 


C 
E 


3.09 
3.38 


3.29 
3.59 


2.92 3.50 
3.65 3.96 


3.29 
3,92 


4.80 
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Table D-23 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 23 





Grade 

2 3 4 5 6 6-AT 


Post ° 


3.00 3.41 3.63 3.17 3.07 

3.18 3.50 3.44 3.28 3.63 3.56 

3.52 3.25 3.63 3.73 3.37 

3.61 3.41 3.50 3.32 3.36 4.40 



AT = Academically Talented 
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Fig. p-24 . Graph of Table D-24 . 
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Table D-25 

Control and Experimental Group Mean Test 
Scores by Grade - Concept 25 











Grade 










2 


3 


4 5 


6 


6-AT 


Pre 


C 
E 


2.40 
2.30 


2.44 
3.04 


2.78 3.21 
3.30 3.07 


2.50 
3.00 


3.32 


Post 


C 
E 


3.74 
3.58 


2.75 
3.77 


2.41 3.1-5 
3. 23 3.44 


3.42 
3.80 


4.36 



AT = Academically Talented 
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Fig. D-25. Graph of Table D-25. 



0 

ERIC 



References 



Baker, F. B., & Martin, T. J. FORTAP, A 
fortran test analysis package . . Madison, 
Wisconsin: Laboratory of Experimental 
Design, Wisconsin Research and Devel- 
opment Center for Cognitive Learning, 
1968. 

Carey, R. L. Relationship between levels 
of maturity and levels of understanding 
of selected concepts of the particle na- 
ture of matter . University of Wisconsin 
Research and Development Center for Cog- 
nitive Learning, Technical Report No. 36, 
1968. 

Doran, R. L. Development of test items re- 
lated to selected concepts within the 
scheme of the particle nature of matter. 
Unpublished doctoral dissertation, The 
University of Wisconsin, 1969. 

Feynman, R. P., Leighton, R. B., & Sands, 
M. The Fevnman lectures on physics . 
Reading, Mass.: Addison-Wesley, 1963. 

Green, R. A. The feasibility of teaching 
selected concepts related to the particle 
nature of matter to students in grades two 
through six. Unpublished doctoral disser- 
tation. The University of Wisconsin, 1970. 

Harris , M . L . Some methodolooical sugges- 
tions for construction of an objective mea- 
surement instrument . University of Wis- 
consin Research and Development Center 
for Cognitive Learning, Technical Memo 
No. M 1968-2, 1968. 

Helgeson, S. L. The relationships between 
concepts of force attained and maturity as 
indicated by grade levels , University of 
Wisconsin Research and Development 



Center for Cognitive Learning, Technical 
Report No. 43, 1968. 

Natipnal Science Teachers Association. 
Theory into Action . Washington D.C.: 
NSTA, 1964. 

National Society for the Study of Education. 
A program for teaching science . Thirty- 
first yearbook of the National Society for 
the Study of Education. Chicago: NSSE, 
1932. 

Pella, M. 0.' Concept learning in sciences. 
The Science Teacher . 1966, 33,, 31-34. 

Pella, M. O. & Ziegler, R. E. The use of 
static and dynamic mechanical models in 
teaching aspects of the theoretical con- 
cept the particle nature of matter . Univer- 
sity of Wisconsin Research and Develop- 
ment Center for Cognitive Learning, Tech- 
nical Report No. 20, 1967. 

Stauss, N, G. An investigation into the 
relationship between concept attainment 
and level of maturity . University of Wis- 
consin Research and Development Center 
for Cognitive Learning, Technical Report 
No. 40, 1968. 

Voelker, A. M. The relative effectiveness of 
two methods of instruction in teaching the 
classificational concepts of physical and 
chemical change to elementary school 
children . University of Wisconsin Re- 
search and Development Center for Cogni- 
tive Learning, Technical Report No. 39, 
1968. 

Walker, H. M. & Lev, J. Elementary sta- 
tistical methods . New York: Holt, Rine- 
hart and Winston, 1969. 



OPO et6-|44-t 



59 



National Evaluation Committee 



Helen Bain 

Immediate Past' President 

National Education Association 
Lyle E. Bourne, Jr. 

Institute for the Study of Intellectual Behavior 

Universiy of Colorado 

Jeanne S. Chall 

Graduate School of Education 
Harvard University 

Francis S. Chase 

Department of Education 
University of Chicago 

George E. Dickson 

College of Education 
University of Toledo 



Hugh J. Scott 

Superintendent of Public Schools 
District of Columbia 

H. Craig Sipe 

Department of Instruction 
State University of New York 

G. Wesley Sowards 

Dean of Education 

Florida International University 
Benton J. Underwood 

Department of Psychology 

Northwestern University 

Robert J. Wisner 

Mathematics Department 
New Mexico State University 



Executive Committee 

William R. Bush 

Director of Program Planning and Management 

and Deputy Director* R&D Center 
Herbert J. Klausmeier, Committee Chairman 

Director* R&D Center 
Wayne Otto 

Principal Investigator 
. R & D Center 
Robert O. Petzold 

Professor of Music 

University of Wisconsin 



Richard A. Rossmiller 

Professor of Bducational Administration 

University of Wisconsin 
James £. Walter 

Coordinator of Program Planning 

R&D Center 
Russell S. Way» ex officio 

Program Administrator, Title III ESEA 

Wisconsin Department of Public Instruction 



FacttUy of Principal IiiTesligalor* 

Vernon L. Allen 

Professor of Psychology 

Frank H. Farley 

Associate Professor 
Educational Psychology 

Marvin J. Fruth 

Associate Professor 
Educational Administration 

John G. Harvey 

Associate Professor 
Mathematics 

Frank H. Hooper 

Associate Professor 

Child Development 
Herbert J. Klausmeier 

Center Director 

V. A. C. Henmon Professor 

Educational Psychology 
Stephen J. Knezevich 

Professor 

Educational Administration 
Joel R. Levin 

AssQciate Professor 
Educational Psychology 



L. Joseph Lins 
Professor 

Institutional Studies 

Wajme Otto 
Professor 

Curriculum and Instruction 
Thomas A. Romberg 

Associate Professor 

Curriculum and Instruction 
Peter A. Schreiber 

Assistant Professor 

English 

Richard L. Venezky 
Associate Professor 
Computer Science 

Alan M. Voelker 

Assistant Professor 

Curriculum and Instruction 
Larry M. Wilder 

Assistant Professor 

Communication Arts 



